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PREFACE. 



The students of Mining are an ever-increasing multitude, 
who by present-day requirements are compelled to pay 
attention to at least the elements of many branches of 
modern science. The aim of the Author, in these 
notes relating to the Physics and Chemistry of Mining, 
is to place before the Mining Student a brief repertory 
of certain truths and phenomena, such as may be classed 
under that heading, which it is hoped may materially 
assist him in his studies. 

As a general rule, text-books on Physics and Chemistry 
— though often excellent for the purposes for which they 
are written — deal largely with subjects which are neither 
interesting nor useful to the student of Mining, and either 
treat very slightly or omit altogether those points which 
are of special interest and importance to him. Further, 
there are very few books in which the principles of those 
sciences are dealt with in one volume. 

The composition of the air ; the importance of, and 
reason for, an abundant air-supply; the constitution and 
properties of the gases to be met with in the mine, some 
of them most deadly either as regards explosive properties 
or poisonous effects ; the behaviour of gases under varying 
conditions of temperature and pressure; the indications 
of the barometer ; the humidity of the air of the mine, 
and the dangers of coal dust: these (with many other) 
matters ought to have the most careful attention in a 
student's training and preparation for responsible work in 
the mine; and the Author trusts that the treatment of 
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such matters which is here given may be found of sub- 
stantial practical utility as an elementary first course. 

A series of questions, many of them taken from papers 
set at the Colliery Managers' Examinations and at the 
Board of Education's Examinations in Mining, has been 
appended to the volume. 

The Author desires to acknowledge here, with many 
thanks, his indebtedness to Mr W. J. Orsman for infor- 
mation furnished in connection with the chapter dealing 
with Explosives; to Mr G. H. Winstanley for help and 
advice in several matters dealing more especially with 
practical mining; and to Messrs Philip Harris & Co., 
Birmingham, for the loan of many of the blocks used for 
the illustrations. 

T. H. B. 

WiGAN, 
May 1905. 
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CHAPTER I. 
THE ATMOSPHERE. 

We are surrounded on all sides by an invisible gaseous 
mixture, commonly known as the atmosphere or air ; and 
a study of the properties, physical and chemical, of this 
mixture, which obeys the laws relating to gases in general, 
will be interesting and instructive. Every so-called empty 
vessel is really full of air, and we are reminded of its 
presence by many things in our daily life ; for instance, 
the resistance one experiences in walking against a breeze, 
or the disastrous effects of a wind storm, due to the air 
having been in a state of violent disturbance. From the 
very earliest periods, it must have been evident to man 
that the invisible " something " was necessary to life, as 
when deprived of it life became extinct, and the important 
and far-reaching effects of this atmosphere of ours are 
evident on every hand. The various changes of weather 
are due to it; soils are formed by the disintegration or 
crumbling of rocks by means of it ; all the phenomena of 
sound would be impossible without its aid ; by its behaviour 
the sun's rays, instead of scorching up the face of the earth, 
are modified in passing through the stratum or layer of air 
surrounding the globe. 

The Air possesses Weight. — This may be proved 
by weighing a circular globe full of air (Fig. 1) and then 
attaching to it an air-pump, whereby the air may be 
removed, and afterwards re-weighing. There will be 
found a considerable decrease in weight. 

A cubic foot of air, at a temperature of 0° Centigrade 

A ' 
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and a pressure of 30 inches of the barometer, weighs -OSO? 
lbs.; that is to say, about 12J cubic feet weigh one pound, 
and consequently the weight of air In a room 16 ft. by 14 
ft. by 10 ft. will be, say, 180 
lbs. In consequence of this 
weight, and the foct that 
the atmosphere extends to 
a height of several miles, 
it is to be expected that a 
considerable amount of pres- 
sure will be exerted by it 
upon all objects on the 
earth's surface. 

Fig. i.-Apparaius for weighinB air. Atmospheric Press- 
ure. — This am cunts to about 
14-7 lbs. on every square inch of surface. Even on our 
bodies this pressure is always present, and totals up to 
several tons pressure, but being equal on all sides and from 
all directions, it does not cause inconvenience. If, however, 
the air from the inside of a vessel be removed by some 
means, such as an air-pump, unless the vessel is very 
strongly made and (preferably) circular in shape, the whole 
substance of it will be crushed in by the atmospheric 
pressure. 

A striking experiment in proof of this may be made by 
taking a square tin canister, soldering a small tube in the 
lid, then soldering the lid securely on to the box. Introduce 
a little water into the canister and place it over a Bunsen 
gas burner, or the flame of a spirit lamp, until steam begins 
to issue from the tube. When this takes place remove the 
source of heat and quickly cork up the tube tightly. As 
the tin and its contents (steam) cool down, the steam will 
become condensed and a partial vacuum be formed inside ; 
the resistance inside to the atmospheric pressure outside 
will get less and less, until Hnally the tin is crumpled up 
almost flat. 
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The Barometer. — That the atmosphere exerts pres- 
sure is also shown by means of the barometer, an 
instrument the construction and principle of which may 
be readily shown as follows : Take a glass tube 32 or 33 



of baromeler. 



inche. long, and sealed at one end. By mean, of a small 
funnel, All the tube with the fluid metal mercury, com- 
monly called quicksilver, and placing the thumb on one 
end, turn the tube upside dom, and bring the end under the 
surface of mercury contained in a small trough (Figi2) 
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Remove the thumb when the end of the tube is well under 
the surface of the mercury in the trough. The mercury, 
which before completely filled the tube, now falls until its 
level is about 2 or 3 inches from the sealed end, and there 
it remains stationary. This space above the mercury is 
a vacuum (except for a little vapour of mercury). On 
measuring the distance between the level of the mercury 
in the trough and that in the tube, it will be found to be 
about 30 inches (corresponding to the height of the 
barometer at the time of the experiment). The column of 
mercury is supported entirely by the atmospheric pressure 
on the surface of the metal in the trough (Fig. 3). 

If the bore of the tube had an area in section equal to 
1 square inch, there would be 30 cubic inches of mercury 
in a column 30 inches in height. Now 1 cubic inch of 
mercury weighs practically J lb. ('491), therefore the whole 
column would weigh 30x^=15 lbs. But this column 
balances, or is balanced by, a column of air of the same 
area. Hence the weight or pressure of the air, on an area 
of 1 square inch, is equal to 15 lbs. 

Mercury is the only metal which is liquid at ordinary 
temperatures, and on account of its weight it is eminently 
suitable for use in barometers. Water might be used for 
a rough kind of barometer, but there would be many 
objections, and a column of 30 x 13^ inches in height would 
be necessary (13 J being the density of mercury compared 
with water). Glycerine is the liquid used in some baro- 
meters. Its specific gravity is 1*26, and a column of about 
27 feet in height is necessary. It possesses the great 
advantage that very slight variations in the atmospheric 
pressure are more readily indicated, being magnified prac- 
tically ten times, as compared with an ordinary mercury 
barometer. 

Another form of barometer is also in common use, 
named the aneroid (Fig. 4). In principle it consists of a 
flattened cylinder of corrugated metal, from which the air 
has been taken by means of an air pump. Fluctuations in 
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the pressure of the air cause the cylinder to be flattened 
slightly, or to expand slightly, and these movements are 
imparted to suitable mechanism and indicated by a pointer 
on the face of the instrument. 

Importance of the Barometer to the Mine 
Manager. — The barometer is an instrument of the 
greatest importance to the mine manager. By its means 
he is able to detect variations 
in the pressure of the air 
which will affect the ventila- 
tion of the mine. The greater 
the atmospheric pressure — 
that is, the higher the baro- 
metercolum n — th e less danger 
of fire-damp in a coal mine, 
a lessened pressure denoting 
more likelihood of escaping 
gas from the fissures and 
cracks in the coal strata and 
from the coal itself. 

The pressure of air on a 
mountain top is less than it 

is at the sea-level, and the i,-,(j. 4._-AneroLd barometer. 
higher one ascends, the less 

the pressure becomes. It is found that a difference of 900 
feet in height means a rise or fall of 1 inch of the mercury 
in the barometer. Consequently the pressure in the 
workings of the mine will be greater than at the surface, 
to an amount depending upon the depth of the mine. 

The Siphon.— If a U-shaped tube, with one limb 
longer than the other, be taken and filled with water, no 
water will run out so long as the tube is sealed by the 
finger at one end, and the tube may be safely turned upside 
down without losing any of the liquid. The atmospheric 
pressure prevents it from coming out. Now if the open 
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and shorter limb be placed in water and the sealed end 
be placed at a lower level than, the surface of the water, 
on removing the finger the liquid will flow out of the 
longer limb, and continue to do so until the vessel of 
water is either emptied, or its surface comes below the 
short end of the U tube. Such an arrangement is called 
a siphon, and it depends for its action on atmospheric 
pressure. 

The column of liquid in the long limb weighs more 
than that in the short limb, and consequently runs out at 
the end of the long limb ; the liquid in the shorter limb 
having to follow it, or else a vacuum would be formed. 
The effect is thus due to atmospheric pressure forcing 
up liquid in the short limb to compensate for that running 
out of the long limb. 

The siphon is a very useful appliance in a laboratory 
for various purposes where such action of the atmosphere 
is to be utilised, as in separating a clear liquid from a 
sediment which has settled in it. Its practical ap- 
plication in the mine has limitations. It may be used 
for raising water over an elevation and delivering it at 
some lower level, or for draining water from a higher 
level to the pump, but it can never be used to transfer 
water from a lower to a higher level. Since its action 
depends upon atmospheric pressure, the vertical height 
over which water can be raised is about 34 feet, theoretically. 
In actual practice it is less than this, and rarely can much 
more than 20 feet be effectually dealt with, on account 
of leakage of the pipes and loss through friction. 

The siphon on such a scale as this is constructed of a 
series of pipes joined together, and slight leakages at the 
joints is almost unavoidable. To start the siphon, the ends 
of the pipes are plugged and the pipes filled with water 
through an opening at the top of the bend. This is then 
sealed as tightly as possible, and the plugs or stoppers 
removed from the ends of the pipes, when a similar action 
goes on to that which takes place when using a glass tube 
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with unequal limbs. The end of the shorter limb is closed 
by a ball valve when the water gets below its level, thus 
keeping the pipes full of water. 

The siphon is not often used in mining operations, but 
it may be useful sometimes where pumping machinery is 
not available. 

The action of an ordinary suction pump depends also 
on atmospheric pressure. Before the pump is put in 
action the barrel and pipe contain air only, and the level 
of the water inside and out is the same. On moving the 
handle, a partial vacuum is caused under the piston, and 
the pressure of the atmosphere forces water up into the 
working barrel. 



CHAPTER 11. 

LAWS RELATING TO THE BEHAVIOUR 
OF GASES. 

We have now to consider the laws relating to the behaviour 
of gases when subjected to certain conditions. 

Boyle's Law. — When any gas, or 
a mixture of gases, is subjected to pres- 

sure, its bulk or volume is affected. 
If the pressure be increased, the volume 
is decreased; and vice versd, if the 
pressure be decreased then the volume 
is increased. Expressed more concisely, 
we should say that "the volume of 
gases varies inversely as the pressure 
to which they are subjected." This is 
known as Boyle's law, and it s 
the temperature to be constant. 

It may be clearly proved by means 
of a bent glass tube sealed at one end, or 
two pieces of tube connected by rubber 
tubing, as shown in Fig. 5. The limb is 
closed by pouring a little mercury down 
the mouth of the open limb a. The 
column of air in the short limb b is now 
at the same pressure as the outside air 
is. More mercury is now poured in the 
longer limb until a height of 30 inches is 
attained, and the difference in volume of 
gas in the Short limb is noted. It will 
Fig. 5. -Boyle's lube, bg found to have decreased to half its 
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original volume. That is to say, by adding another atmos- 
phere's pressure (which we know to be equal to 30 inches 
of mercury approximately) the volume of air has become 
halved. We have therefore doubled the pressure and 
halved the volume. 

Effect of Temperature on Volume of Gases.— 

Charles's Law. — The temperature is an important matter 
in dealing with the volume of gases, and the physicist 
Charles, who investigated the subject, found that gases 
have a definite and regular increase in volume for a 
definite increase in temperature, the pressure remaining tJie 
same. He proved that a gas increases in volume ^^ of 
its bulk for every V C. increase in temperature. 

Plainly expressed, we should find, therefore, that 273 
cubic feet of air, when raised in temperature V C, would 
become 274 cubic feet. 

( 273 of 273 ) + 273 = 274. 

The opposite also applies, namely, for a decrease in tem- 
perature a corresponding decrease in volume occurs in the 
above proportion. 

Suppose that a certain volume of air measures 50,000 
cubic feet when the barometer indicates a pressure of 30 
inches. What will be the volume if the pressure falls to 
29 inches ? If the temperature be also increased, say from 
15" C. to 25° C, how will the volume be changed, and to 
what extent ? 

Consider the pressure first. This becomes less ; there- 
fore the volume becomes greater, and in this proportion 

30 
50,000 X 29 "" 51 '724 cubic feet. 

Next consider the temperature, which has increased, and 
therefore causes increased volume. 

From Charles's law this will be seen to be 
51,724 X (273 + 10) 



273 



= 53,618 cubic feet, 
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or (combining the two calculations or corrections for pres- 
sure and temperature in one) 

50,000 X 30 X 283 „^,- w c ^ 
29 X 273 ^ 53,618 cubic feet. 

That gases expand on heating may be clearly proved by 
the following experiment : Procure a small glass flask, and 
fit it with a good cork, through which a clean cut hole has 
been bored to receive a piece of glass tubing bent twice at 




Fig. 6. — Glass bulb and tube. 



right angles. The end of this tube dips under water in a 
glass vessel. On applying heat to the flask, even so slight 
as the warmth of the hand, the air will expand and bubble 
through the water in the vessel. More heat causes greater 
expansion, and on allowing the flask to cool down again 
the water will be drawn back into the tube and probably 
into the flask as well, showing that decrease of heat causes 
decrease of volume. Instead of a flask, the bulb and tube, 
as shown in Fig. 6, can be used. 

Gases as a rule are so light, compared with solids and 
liquids, that we are accustomed to regard them as having 
no weight. As we have seen, the air itself possesses 
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weight ; and it may be proved by using the same apparatus 
that the other gases with which we are acquainted have 
each of them densities and specific gravities peculiar to 
themselves. When the density of a gas is spoken of, it 
is understood to be compared with hydrogen gas as a 
standard, taken as 1. Thus the density of air is 14'47, 
and of oxygen 16*0. That is, air and oxygen are respec- 
tively 14*47 and 16 times as heavy as hydrogen. 

When the specific gravity of a gas is mentioned, it is 
understood that the comparison is made with air as a 
standard. Thus the specific gravity 
of CO2 (black damp) is 1*5, and of (^== 
CH4 (fire damp) *56, one being IJ 
times as heavy, the other approxi- 
mately half as heavy, as air. 

The densities or specific gravities 
of all gases are affected by the tem- 
perature. If the temperature be in- 
creased the densities are lowered, 
and if the temperature be decreased Fig. 7.— Tube for deter- 

.1 J ., . . J mi_ mining densities of 

the densities are increased. The gases. 
pressure also affects the volume, and 
therefore the weight, if the gas be free to expand or 
contract. Therefore the comparison of all densities and 
specific gravities are understood to have been made at one 
standard temperature and pressure, namely — 

0° Centigrade and 760 millimetres barometer. 

The density or specific gravity of gases may also be 
determined in the apparatus shown in Fig. 7. These 
U tubes are made to contain a certain volume of gas, 
usually 25 c.c, but their volume should always be checked 
by filling with mercury and measuring the volume of mer- 
cury used. The gases whose density is to be determined are 
first very carefully dried and freed from impurities, and the 
purified gas allowed to stream through them until all air or 
other gas has been expelled, then carefully weighed — the 
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temperature and pressure being noted at the time (avoid 
handling too much with warm hand ; carry carefully by the 
capillary tubes) — and afterwards corrected to the standard 
temperature and pressure. I n this way comparative weights 
of equal volumes of different gases at the same tempera- 




FiG. 8. — Apparatus to show lowered boiling point. 

ture and pressure are obtained, from which their density 
may be got. 



The Effect of Pressure on the Boiling Point of 
Water and Liquids generally. — The effect of pressure 
upon the boiling point of a liquid is a very remarkable and 
important one. The result of observation goes to prove 
that the boiling point of liquids is raised by increasing the 
pressure on the surface of the liquid, and lowered by 
decreasing the pressure. The boiling point is always 
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arrived at when the tension or elastic force of the vapour 
(say steam) is able to overcome the atmospheric pressure, 
or other pressure to which the liquid may be subject. It 
follows from this that the temperature of the water in a 
steam boiler is much higher than the temperature of water 
boiling at ordinary atmospheric pressure {ix, 100" C. or 
212" P.); and conversely, if the pressure be lessened, then 
the boiling point is lowered. 

This may be made the subject of an interesting experi- 
ment, as follows : — 

Take a round-bottomed flask (Fig. 8) (so that it will stand 
a fair amount of pressure) and half fill it with water, placing 
over the flame to boil. Have fitted to it a sound cork, 
through which passes a tube having a pinch-cock attached. 
When the water boils and steam issues from the tube, 
close the pinch-cock and remove the source of heat. 
Turn the flask upside down and place on a suitable 
support. There will be now a space above the water filled 
with steam, and if a little cold water be sprinkled on the 
flask, condensation takes place, a partial vacuum is pro- 
duced, and consequently diminished pressure on the 
surface of the water, and the latter commences to boil 
briskly, although its temperature is by this time much 
below 212" F. or 100" C. Also, by reducing the pressure 
on the surface of water by means of an air-pump, water 
may be made to boil at a much lower temperature than 
under ordinary conditions. 

At high altitudes, where the atmospheric pressure is 
less than at sea level, the boiling point is correspondingly 
lower, and special apparatus has to be used for cooking 
purposes, so that the chemical changes necessary in 
cooking the food material in use on the occasion may 
be effected. At a height of 3| miles the density of the 
air is only one-half what it is at the sea level, and at 
7 miles only one-third. 

The presence of solids dissolved in the water raises the 
boiling point. Sea water, for instance, does not boil at 
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212*", and it is often an advantage to add certain salts to 
water in order to maintain a uniform temperature, higher 
than the normal boiling point (212*"). 




Heat is a Form of Energy. — It has long been known 
that heat could generate mechanical power, and also that 
mechanical power could generate heat. Dr Joule actually 
measured the amount of heat that was given to a certain 
weight of water by a certain amount of mechanical power, 
and from this the amount of work which could be got from 
a certain amount of heat ; and he proved that the quantity 

of heat produced is always 
equal to the quantity of work 
expended in producing it. 

The following changes usu- 
ally accompany the application 
of heat to matter. The solid 
expands, then changes to liquid ; 
the volume of the liquid expands, 
the liquid becomes converted 
into gas, and the gas or vapour 
expands. That heat causes 
cubical expansion may be shown 
by means of a metal ball, which just passes through a ring 
when at ordinary temperatures (Fig. 9). On heating the 
ball, it is found that it will no longer pass through the 
ring because of increased volume, due to heat. 

Bach metal has its own co -efficient of expansion — 
that is to say, it expands a definite amount for a definite 
increase in temperature. The co-efiRcient of expansion of 
iron, for instance, is -0000122, which means that for every 
r C. heated, it increases in length (linear expansion) 
•0000122 of its original length. 

For example.— A bar of iron 20 feet long is heated 
from IS** C. to 95° C. How much will it increase in length? 
For the 80** C. increase in temperature it will expand 
•0000122 X 80 = -000976 of its length. 



Fig. 9.-— Apparatus to test expan- 
sion of metal ball. 
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20 feet = 240 inches. 
976 

,-. X 240 = '234 inches increase In length, or 

1,000,000 
nearly | of an inch, 

The total increase in volume or bulk (cubical expansion) 
will be three times this — namely, -702 cubic inches. 

Fig. 10 is an illustration of the apparatus used to test 
the linear expansion of a metal bar when heated. 



Fig. 10. — Apparatus to test linear expansion of melal rod. 

The Effects of Heat on Solids are put to many 
practical applications. Iron rods are made to brace up 
buildings, and other structures, by being first heated and 
then screwed up tightly at the ends, and allowed to cool 
and contract or shrink. This force of contraction is irre- 
sistible, as may be shown by using the apparatus shown in 
Pig. 11, in which a heated iron bar is placed and screwed 
tightly up; on cooling, the bar is broken in pieces by the 
contractile force, 

Iron tyres are shrunk on to wheels by being heated 
first and allowed to cool on the wooden rim, the spokes, 
rim, and hub being thus firmly bound together. In the 
metal work of bridges, and other structures, allowance 
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must be made for expansion of material due to heating 
(see problem on expansion) ; and the sections of rails on 
a railway are always laid a small distance apart at their 
ends: otherwise the expansion on a hot summer's day 
would be sufficient to cause a disaster, owing to twisting 
of the track. 

The reason why thick glass vessels will not stand heat 
is, therefore, easily explained ; the glass on heating be- 
comes expanded, but being a bad conductor (see " Con- 
duction ") is not able to transmit the heat quickly enough, 
and the two portions of the glass are in unequal strain and 
consequently crack, since the glass is not elastic enough 




Fig. II. — Apparatus to show effect of contraction on heated raetal bar. 

to prevent this. Thin glass vessels, such as are used in 
chemical operations, cause no such trouble, and liquids are 
constantly boiled in them. 

Heat is conveyed from one substance to another in 
several ways — by conduction, by convection, and by 
radiation. 

By Conduction the heat is transferred from one 
particle of the substance to another, the particles having 
a higher temperature giving up heat to those near to them 
having a lower temperature, until the heat is equalised. 

Substances vary much in their power of conducting 
heat. Good conductors are those which readily transmit 
heat from one part of their substance to another. This 
may be shown by taking bars of iron and copper, for 
instance, of the same dimensions, and fixing on them at 
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intervals, by means of paraffin wax, small wooden balls 
(Fig. 12). On heating the bars, as shown in the figure, 
the metals take up the heat and transfer it according to 
their conductivity, the wax melts, and allows the balls to 
drop as the temperature rises. It will be found that the 
balls will drop ofiF the copper bar before the iron, thus 
proving its greater conducting power for heat. 

Gases and liquids are bad conductors of heat, as are 
many solids, except the metals. Asbestos is a particularly 
bad conductor, and this, in conjunction with its power of 
resisting fire, makes it a valuable material for fire pre- 
vention and fire-proofing. 

In Convection the heat is carried from one portion to 




Fig. 12. — Experiment to show conducting power of metals. 

another by actual movement of the particles. This may 
be well shown by sprinkling sawdust in a flask partly 
filled with water, and then applying heat, whereupon the 
particles of sawdust move about and show the direction 
of the convection currents. Convection can only take place 
in liquids and gases. 

Radiation. — When we stand near a source of heat, 
say a fire or furnace, we feel the warmth which is radiat- 
ing from that source. If a screen be placed between, the 
difference is at once noticed, which proves that the sensa- 
tion is not due simply to the air itself being hot. Radiation 
is going on in a greater or lesser degree from the surfaces 
of all bodies, and the intensity varies according to the 
intensity of the source, and also with the distance from it, 
and the radiating power of the heated surface or body. 

B 
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Heat can be reflected, just as light can. This may 
be proved by means of two concave mirrors arranged as 
shown in Fig, 13. In the focus of one of the mirrors 
is placed a source of heat, such as a hot metal ball ; in the 
focus of the opposite mirror is placed a small piece of 
phosphorus or some inflammable material, the latter (it will 
be seen) being readily set on fire by the reflected and 
focussed heat. The heating effect produced by the sun's 
rays through an ordinary double convex lens is well known. 



Flc. 13.— Arrangement of mirrors. 

The reflection from plane (flat) 
by means of an air thermometer 

Bodies which best reflect heat naturally absorb it least, 
and substances which take up heat most readily are the 
worst reflectors; consequently light-coloured clothing in 
summer is cooler than black. On the other hand, it has 
been proved that bodies which best absorb heat also radiate 
it best, and on this account vessels which are required to 
hold or retain their heat should be kept brightly polished, 
so as to prevent radiation as much as possible. 

Heat also promotes chemical action, and afl'ects 
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the conductivity of metals for heat and electricity. Bodies 
vary greatly in the amount of heat they can take up — that 
is, in their capacity for heat, generally spoken of as their 
specific heat. 

Water is taken as the standard whereby specific heats 
are compared, since it has the highest capacity for heat of 
all known substances; and the standard being 1, the 
specific heat of mercury (quicksilver), for instance, is 'OSS, 
which is practically ^. The meaning of this is that it 
requires thirty times as much heat to raise one pound of 
water V as it does to raise one pound of mercury T. This 
explains the great efficiency of hot water as a means of 
heating the air in a room. 

Thus : The specific heat of air is 0'237, that of water 
being 1. Hence 1 lb. of water in cooling through T C. 

heats -i— lbs. = 4-2 lbs. of air V C. 

Again: Water is 770 times heavier than air; there- 
fore 1 cubic foot of water in cooling through 1° C. heats 
(770 X 4-2) = 3234 cubic feet of air V C. 

Latent Heat. — If a pound of water at SO'* C. be mixed 
with a pound of water at 0" C, the result would be two 
pounds of water at 40** C. ; but if one pound of water at 
80" be mixed with one pound of ice at 0°, the result would 
be two pounds of water at 0**. Neither the temperature 
nor the volume of the ice has been increased; it has simply 
become liquefied to water, and the 80° heat has become 
latent or has apparently disappeared. Thus 80" is known 
as the latent heat of water. It is the amount of heat 
necessary to convert ice at (f into water at 0". 

Again, when heat is applied to water the temperature 
rises until the boiling point is reached, when the continued 
application of heat causes no increase in temperature, A 
thermometer placed in the vapour (steam) does not indi- 
cate more than 100" C, however much heat is applied to 
the water. The heat being thus expended is being used 
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up in converting the water at lOO** C. into steam at 
lOO"* C, and this is known as the latent heat of steam. If 
the steam be passed into water, its latent heat is converted 
into sensible heat again. 

For example : 20 lbs. of steam at 100** C. are passed 
into 200 lbs. of water at 10** C, and condensed. The 
temperature of the total water finally is 67" C. What 
is the latent heat of the steam ? 

Heat lost by steam. = Heat gained by water. 
If I represents the latent 
heat, then — 
20 / + 20 (100 - 67) 200 (67-10) 

20Z + 660 = 11400 

.-. 20/ = 11400-660 

.-. / = 537 

Hence by this experiment the latent heat of steam has 
been found to be 537. 

Heat and its Measurement. — Instruments used to 
measure the intensity or degree of heat are called thermo- 
meters, and those used to measure the amount or quantity of 
heat are called calorimeters. 

The ordinary thermometer (Figs. 14 and 15) consists of 
a glass stem through which passes a capillary (i.e. very fine) 
tube, and has a bulb at one end which serves as a reservoir 
for the liquid employed, mercury or alcohol, which latter 
remains liquid at a much lower temperature than mercury 
does. Mercury is tlsed because it is a liquid, and remains 
so for a fair range of temperature ; it is easily heated and 
expands regularly. This bulb and tube are filled with 
mercury by alternately heating and cooling the bulb and 
keeping the end of the fine tube under mercury. The tube 
is sealed up by a blowpipe flame when a suitable length of 
it is filled. 

It is next necessary to graduate the stem, which is done 
by taking two fixed points, the freezing and boiling points 
of water. By placing the thermometer in a suitable 
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apparatus, these points are obtained and their position 
marked on the stem. Pig. 16 shows the apparatus used 
to determine and mark the point at which water boils. 
The thermometer hulb is surrounded by steam from the 
water which is kept boiling in the vessel. The freezing 
point is determined by surrounding the bulb by melting 



Fig. 16.— Apparalus for grad- 
ualing Ihermomelers at Ihe 
boiling point of water. 

ice. The space between the two is divided according to 
the scale decided upon. If the Centigrade graduation, the 
freezing point is marked 0° and the boiling point 100°, and 
the stem is divided into 100 equal parts between these two 
points. If the Fahrenheit scale, then the freezing point is 
made 32° and the boiling point 212°, and the intervening 
space divided into 180 equal parts. The other system of 
graduation due to Reaumur is never used in this country, 
On it the freezing point is 0° and the boiling point 80°. 
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A delicate and useful means of measuring heat effects is 
tiiat'devised by Sir John Leslie. It depends for its action 
upon the expansion or contraction of a volunie of air. The 
instrument, as shown in the illustration {Fig. 17), consists 
of two bulbs connected by a glass tube, and fitted on a stand. 
The bulbs contain air, and the glass tube is partly filled 
with coloured liquid. On bringing a source of heat near 



Fig. 17. — Leslie's air thermomeler. 

one of the bulbs, or by placing the warm hand on it, expan- 
sion of the air takes place and causes the liquid column to 
move. The stem is graduated into divisions according to 
experiments made at known temperatures. 

It is often desirable to know the lowest temperature, 
and also the highest, that has prevailed during a certain 
time, say twenty-four hours. An instrument called the 
maximum (greatest) and minimum (least) thermometer has 
been constructed for this purpose. As shown in the 
illustration (Fig. 18), it consists of two thermometers of 
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special shape fitted on a suitable support. In one the 
liquid is mercury, in the other alcohol, the former being 
the maximum thermometer, and the latter the. minimum. 
The maximum has a small piece of iron rod moving freely 
in the tube ; as the mercury expands it pushes this small 
rod before it, and it remains at the furthest or highest 
point thus reached, and therefore shows the maximum 
temperature reached in a given period. The minimum 
thermometer has a small glass tube moving freely in it. 
When the alcohol expands, it simply flows through this 
index tube without moving it ; but when it contracts the 
small index is drawn back by the receding liquid, when 




Fig. 18. — Maximum and minimum thermometers. 

the end of the alcohol column is reached, by force of 
cohesion or capillary action. In this way the index always 
remains at the lowest temperature touched by the alcohol 
thermometer. 

It has been pointed out (p. 9) that according to Charles's 
law 273 volumes of gas (or air, of course), when raised 
in temperature V C. become 274 volumes — that is. 



273 + (273 ^^ 273 



)• 



Assume that a gas occupies 273 volumes, measured at 0° C. 
This would become 274 „ „ at T C. 

275 „ „ at 2" C. 



»> 



On the contrary 273 volumes measured at 0° C. 
would become 272 „ „ -V 

271 „ „ -T 

171 „ „ -100^ 

and theoretically, nil „ „ -273° 
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So that, in theory, the gas would disappear altogether 
at a temperature of - 273'* C. This is impossible, 
practically. As a matter of fact, long before this tempera- 
ture is reached, the gas becomes either liquefied or 
solidified, and Charles's law fails to operate. Nevertheless, 
the point - 273** C. is always spoken of as the absolute zero 
of temperature. 

Conversion of Degrees. — For the conversion of 
degrees Fahrenheit into degrees Centigrade, and vice 
versdf the subjoined rules may be followed: — 

To convert F.° into C.° subtract 32 from the original 
number, and divide the remainder by 1'8. Thus 176° F. - 
32 -^ 1-8 = 80° C. 

To convert C" into F.° multiply by 1-8 and add 32. 
Thus 80° C. X 1-8 + 32 = 176° F. 

Taking the melting point of copper as 1100° C. what is 
this on Fahrenheit scale ? 

1100x9 

-^ — + 32 = 2012° R 

The ignition point of an explosive mixture of fire-damp 
and air is 1230° F. What degree does this represent on 
the Centigrade scale ? 

1230-32 ,1198 

VS 1-8 ~ ^^^ '"• 

(It should be noted that f is equal to 1*8.) 



CHAPTER III. 
THE DIFFUSION OF GASES. 

The property that all gases have, of diffusing or spreading 
one into the other, is a very important one in Nature, and 
especially so to those connected with mining. 

Diffusion of Gases, how illustrated.— It is well 

illustrated by filling two gas jars — one with carbon-di- 
oxide, the other with hydrogen; one a very heavy gas, 
the other extremely light. Then place the jars mouth 
to mouth, the one containing the hydrogen being upper- 
most. It would be expected that, owing to the great 
difference in their densities (carbon-di-oxide is twenty-two 
times heavier than hydrogen), the two gases would remain 
as placed, the light one resting on top of the heavy one, 
but this is not the case. It will be found in a very 
short time that some of the hydrogen has diffused into the 
carbon-di-oxide, and also that the latter has diffused into 
the hydrogen ; and before long the gases become so inti- 
mately mixed, that the composition of the gas in the lower 
jar is the same as that in the higher jar. Further, these 
gases will never separate out again into a heavy and a light 
layer, as they were at the beginning of the experiment. 

This effect takes place in the case of all gases or 
mixtures of gases, whatever their difference in density ; and 
strangely enough, the greater the difference between the 
densities of the gases, the more rapidly the diffusion goes on. 

A knowledge of this law explains why it is that a heavy 

gas like carbon-di-oxide is not always found on the floor of 

a mine, but equally diffused throughout the atmosphere. 

Pine-damp also, although collecting at first in the highest 

»s 
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parts of the roof, soon diffuses out into the heavier atmo- 
sphere, and forms an explosive mixture unless sufBciently 
diluted with air. 

Testing Diffusion of Gases.— The principle of 

gaseous diffusion is well illustrated by the apparatus shown 
in Fig. 19. 

It consists of a porous cell (of the kind used in electric 
batteries), fastened to one limb of a U -shaped 

I tube. The tube is filled with water to the 
same level in both limbs. On bringing a glass 
vessel containing hydrogen, or coal-gas, or fire- 
damp, over the porous cell, the gas in the 
i vessel diffuses through into the porous cell 

I more quickly than the air can escape, and 

^1 a consequently produces pressure inside the cell, 
IT ■■ which is shown by the forcing out of the water 
from the open end of the U tube. 

An ingenious application of the principle 
has been made in the case of Ansell's fire- 
damp indicator. On placing the apparatus, 
consisting of porous cell and U tube, in a 
■ J suspected atmosphere, if fire-damp be present 
NT I it diffuses through more rapidly than the air 
^^^1 can escape, and causes pressure, which is 
mmBBm made to act on a column of mercury (instead 
Fig iq— Ap- ^^ water). The mercury rising in the open 
paratus for limb makes electrical contact with a platinum 
^^rmentr" wire fused through the side of the tube, and 
completes an electric circuit, in which is a 
bell. The other terminal is a wire in the bend of the 
U tube. 

The Hygrometer and its Use. — The importance of 

a certain amount of moisture in the air of a mine cannot 

be over-estimated, since the presence of coal dust in the 

atmosphere seriously increases the likelihood of an explosion. 

Mr Henry Hall's experiments with coal dust proved that 
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when the flame from a blown-out gunpowder shot, or the 
ignition of a small quantity of fire-damp, passes through an 
atmosphere containing even a moderate quantity of dry 
coal dust, the dusty atmosphere will explode with great 
violence, and that the explosion passes on throughout 
any length of such atmosphere, increasing in force as it 
progresses. Further, that coal dust from several seams 
in various districts is almost as sensitive to explosion as 
gunpowder itself. 

The probable cause of this explosive action, chemically, 
is the extremely fine condition of the coal dust, rich in carbon 
and hydrogen (see later for their properties), only waiting 
opportunity to combine with oxygen from the air. Such 
opportunity is afforded by an increase in temperature 
from any cause such as a blown-out shot or slight ignition 
of fire-damp, more especially if carbonic oxide be present 
also. 

The mine manager, therefore, should have at his dis- 
posal an instrument for indicating the amount of watery 
vapour, humidity, or dampness in the air. The presence 
of aqueous vapour in the air is not alway readily recognised 
by the senses, but can be clearly proved to be present by 
its action on various chemical substances which greedily 
absorb it. In summer, though the air may/<?e/dry, there 
is really more moisture in it than on a winter's day, when 
air is said to be damper, the warmth of the atmosphere 
helping it to hold more vapour. Sulphuric acid (oil of 
vitriol) on exposure to the air soon increases in bulk ; and 
the solid, calcium chloride, takes up water so readily that 
it liquefies itself in a very short time. Another useful 
agent is known as anhydrous copper sulphate. When 
dry it is white, but on absorbing moisture becomes blue, 
so that it readily shows the presence of moisture in air 
or any gas. By using suitable substances of this kind, 
and noting the increase in weight when a known volume 
of air is passed over them, the amount of moisture in a 
given volume of air is readily estimated. 
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By means of the apparatus shown in Fig. 20, the amount 
of moisture in the atmosphere may be measured. The tubes 
a contain calcium chloride, the volume of the aspirator h is 
known, and the air is filtered through cotton wool in the 
tube c to separate dust. The gain in weight of the tuijes a 
represents the moisture in the volume of air drawn through 
them by the aspirator. 

This method, however, would be too lengthy and in- 
convenient in the mine, and an instrument called a 
hygrometer is used.^ 



Fig. sa. — Apparatus for moislure estimation. 

The apparatus illustrated in Figs. 21, 22 is known 
as Mason's wet and dry bulb hygrometer and consists 
of two thermometers placed side by side on a stand, 
so that the air can circulate freely about them : round 
the bulb of one of them is fastened a piece of 
absorbent cotton wick, the ends of which dip in a small 
vessel of water. The water is drawn up the threads by 
capillary action, and spread over the surface of the ther- 
mometer bulb by means of the wick. Evaporation takes 
place from the surface, more or less rapidly according to 
the amount of watery vapour in the atmosphere of the 

* This should not be confused with the hydrameler,3.n instrument used 
foe measuring the density of liquids. 
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mine. The more vapour present, the more slowly the 
water evaporates from the thermometer bulb, and con- 
sequently the less the cooling effect upon it ; the less vapour 
present In the air, the more rapid the evaporation from 
the surface of the wick on the thermometer bulb, and 
consequently the greater the cooling effect on it. 



FiGS. 21 and aa. — Mason's hygrometer. 

Evaporation is always accompanied by loss of heat. It 
is evident, then, that the greater the difference between 
the readings of the two thermometers, the less aqueous 
or watery vapour present in the air of the mine. Tables 
have been constructed showing the dampness of the air 
from its temperature, and from the difference in the two 
thermometer indications. 

Another form of hygrometer is that known as Daniell's 
(Pig. 23). It consists of a tube bent twice at right angles. 
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and having a bulb at each end. One bulb is of black glass, 
and in it is a thermometer and a little ether (a liquid which 
very readily evaporates). The other bulb is of clear glass, 
and has a piece of muslin wrapped round it. When ether is 
poured on this muslin, rapid evaporation takes place, pro- 
ducing cold, and thus causes the ether in 
the black bulb to evaporate also, and con- 
sequently its temperature is lowered. 
Moisture or dew then begins to deposit 
on the outer surface of the black bulb. 
When this is noticed the thermometer is 
read, and the instrument left to itself 
until the dew disappears again ; the ther- 
mometer is again read, and the average 
of the two results taken as the tempera- 
ture of the dew-point. This is an indica- 

^'hygromTt?n '''^"^ t^o" o^ the amount of moisture in the air ; 

the lower the temperature necessary to 
produce dew on the bulb, the less the amount of water- 
vapour in the air. 

The amount of vapour which will saturate a cubic foot 
of air under standard pressure of the barometer (760 
millimetres, practically 30 inches) is as follows : — 

At 32° P. ... about 2 grains 

50" F 4 

60° F. . . . „ 6 

70° F. ... „ 8 

and a difference of about 5° between the readings of the 
wet and dry bulb thermometers is equal to about 75 per 
cent, of saturation, which is held to be a healthy 
amount. 
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CHAPTER IV. 

COMPOSITION OF THE ATMOSPHERE. 

The ancients observed that when certain metals were 
exposed to the air they lost their lustre and brilliancy, and 
became coated with a film of something different from 
the metal altogether; and further, they proved that this 
alteration was accompanied by an increase in weight. 

Oxygen and Nitrogen. — Priestley and Lavoisier 
investigated the matter still more fully, and proved by 
using mercury, that the film at first produced on the 
metal when heated in air, could be again decomposed, on 
further heating, into the metal mercury and a gaseous 
substance which had evidently been derived from the at- 
mosphere, and is now known as oxygen. It was also proved 
that a certain amount of gas remained unaltered by the 
mercury, and incapable of forming any further film of 
oxide, and thus the air was shown to consist of two gases 
which came to be called oxygen and nitrogen. Modern 
investigations have shown that there are other constituents 
also, in small quantities, to which the names argon and 
helium have been given, but they are of but passing interest 
in these notes. 

An interesting experiment to show the composition of 

air is made as follows : — Take a small piece of candle and 

fasten it on a cork, or in a small porcelain basin, and float 

it in a shallow tray of water. Now light the candle and 

place a bell-jar over it ; the candle burns with a gradually 

decreasing flame and finally goes out, and the water will 

be found to have risen in the jar. The oxygen of the 

31 
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air has been used up by the burning candle until there 
was none left to support the combustion, when the 
candle flame was necessarily extinguished. 

A more accurate way of showing the composition of the 
atmosphere, is to take a measured volume in a glass tube 
known as a eudiometer, which is sealed 
at one end and has divisions marked and 
numbered on it (see Fig. 24). Fasten a 
piece of phosphorus (which should be 
handled with great care under water be- 
cause of its inflammable nature) on the 
end of a piece of wire bent as shown, and 
introduce it into the air space, the volume 
of which was previously noted, and leave 
it thus for a few hours, having a few inches 
depth of water in the outer vessel. The 
phosphorus takes up the oxygen from the 
air, forming a substance (oxide of phos- 
phorus) which readily dissolves in the 
water. Finally, nothing remains but nitro- 
gen, the volume of which can be measured, 
In an actual experiment, the air 
measured 250 volumes before putting 
in the phosphorus, and, after the action 
was finished, the residue measured 198 
volumes, which calculates out to 20-8 
Fio. a4-— Apparatus per cent, of oxygen. 
position of ihe ait. The averi^e Composition of pure dry 

air is practically 21 volumes of oxygen 
gas mixed with 79 volumes of nitrogen gas, and it has been 
found to vary only within narrow limits in all parts of the 
globe, and at various altitudes. The air of crowded rooms, 
theatres, etc. has naturally less oxygen, and the same 
remark applies to ill -ventilated mines, the oxygen in which 
may fall almost one per cent below the normal. 

If the gases oxygen and nitrogen, separately prepared, 
be mixed in the above proportions, the mixture possesses 
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the same properties as ordinary air. When chemical 
action takes place between the nitrogen and the oxygen of 
the air, as caused by an electric discharge through them, a 
reddish-brown gas is produced in which no life could exist. 
The properties of these two gases are now to be considered. 

Preparation and Properties of Oxygen Gas.— 

Oxygen may be made by the method used by Lavoisier 
and Priestley — namely, by heating mercuric oxide — but 
the method is not very practicable, and is costly com- 
pared with others that are available. The most ready 
method is as follows (see Fig. 25) : — Procure a glass test- 




FiG. 25. — Diagram illustrating the preparation of oxygen gas. 

tube, about 6"x|", and fit it with a good sound cork, 
through the centre of which a hole has been bored of 
suitable size to take a piece of bent glass delivery 
tube. Fill the test-tube about \ full of a mixture of 
potassium chlorate and manganese-di-oxide (4 parts 
chlorate to 1 part oxide). Now attach to the glass 
tube fitted through the cork a suitable length of india- 
rubber tubing, so that the end of the latter may be 
brought under the shelf of a pneumatic trough, in which 
an inverted jar is placed filled with water. On applying 
heat (by means of a Bunsen burner or a spirit lamp) to the 
contents of the tube, oxygen gas will soon be given ofiP, 
and will bubble up through the water in the inverted glass 
jar or cylinder until all the water is displaced, and the jar 
full of gas. By placing a fiat glass plate under the mouth 
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of the jar, the latter may be removed from the trough, and 

another one, filled with water, substituted. In this way 

collect two or three jars full. 

By means of a piece of stout wire, bent into a cup 

shape at one end (called a deflagrating spoon), introduce 

a piece of burning sulphur into one of the jars. Notice 

the increased brilliance with which the sulphur burns. 

Similarly, on placing a piece of glowing charcoal into the 

gas, it burns with very much increased brightness. A 

piece of wood, first lit and then partly extinguished, leaving 

a red-hot spark on the end, on being introduced into the 

gas at once bursts into flame ; and a piece of fine iron wire, 

tipped with sulphur to start the action, will burn brilliantly 

in the gas, throwing out sparks of oxide of iron at a white 
heat. 

Several processes have been proposed to obtain pure 
oxygen from the atmosphere, and one of the most success- 
ful of these depends upon the use of a substance — barium 
oxide — which, when heated in air to a certain degree, takes 
up oxygen. On increasing the temperature, this combined 
oxygen is given up again, leaving the original substance to 
be used over and over again. The gas is largely used in a 
compressed form, in strong steel cylinders made to with- 
stand a pressure of many atmospheres. One of the most 
important purposes for which it is used in connection with 
mining is for restoring a person who has been overcome 
by noxious gases. In a compressed form it is one of the 
essential parts of a pneumatophore, an appliance by means 
of which a person may enter and exist in a noxious 
atmosphere. 

Oxygen gas has very powerful chemical properties, and 
(so far as we know at present) the chief purpose of the 
nitrogen gas in the air is to dilute or weaken the action 
of the oxygen. If breathed alone for any appreciable time 
it produces feverish symptoms. 

In every 18 lbs. of water there are 16 lbs. of oxygen, 
and almost one-half of the weight of the rocks composing 
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the earth's crust consists of oxygen, combined with 
silica, alumina, iron, lime, magnesia, potash and soda, in 
varying amounts. Most of the chemical actions brought 
about by the atmosphere are due to its oxygen. Instances 
are found in the rusting of metals, the breathing of men 
and animals, the decay and decomposition of animal and 
vegetable matter — all being processes in which oxygen 
plays a most important part. 

Oxygen is the only gas which will support respiration, 
and unless it be present in the free state^ respiration and 
life are not possible. Oxygen gas is soluble in water, a 
matter of vital importance to fish life, it being as neces- 
sary to their existence as to ours. Hence the need of 
aerating the water in aquaria. Pish cannot live in water 
from which the air has been expelled by boiling, or in 
which the oxygen has been used up in any way. 

Nitrogen and its Properties.— The other constituent 
of the atmosphere, nitrogen, is the exact opposite, in 
chemical properties, to its companion oxygen. Though 
entering into the composition of certain very active 
chemical reagents (e,g. nitric acid, ammonia, etc.), it is 
itself very inert, or inactive, chemically, and most of its 
properties are negative. We have seen that it is widely 
distributed in Nature, forming (as it does) four-fifths of the 
atmosphere by volume. It enters largely into the com- 
position of plants and animals^ some plants having the 
power of absorbing this atmospheric nitrogen by means 
of bacteria on their roots. 

Nitrogen will neither burn itself, nor allow anything to 
burn in it, and it will not support life. This latter is an 
important fact to remember, because, as will be shown 
later, nitrogen is a large constituent of after-damp. Nitrogen 
is only very slightly soluble in water, and combines directly 
with very few substances. The gas may be made by depriv- 
ing air of its oxygen, as already shown ; also by several other 
processes, which are too purely chemical to describe here. 



CHAPTER V. 

SUNDRY CONSTITUENTS OF THE 

ATMOSPHERE. 

The composition of pure dry air has been previously 
given, but air in this condition is a rarity, and under 
ordinary circumstances it always contains, besides oxygen 
and nitrogen, more or less of the following compounds : — 

Aqueous (watery) vapour. 

Carbon-di-oxide (commonly called carbonic acid). 

Ozone. 

Nitric acid. 

Ammonia. 

Sulphur compounds. 

It is well to consider why and how these substances are 
always present in variable amounts. 

Aqueous Vapour. — The amount of aqueous vapour 
present in the air depends upon climatic conditions, and 
upon the temperature. When the air is holding as much 
vapour as it possibly can, it is said to be saturated, and if 
when in this condition the air be cooled, some of the vapour 
will be deposited in the form of dew or rain. There is 
always more vapour present in the atmosphere in summer 
than in winter, because the warmer air can hold more in 
suspension. 

The great source of water vapour in the air is from the 
evaporation from large surfaces of water which is con- 
stantly going on. It is a matter of common observation 
that after a long period of dry weather the level of large 
sheets of water is perceptibly lower, due to evaporation. 
36 
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The liquid has gone into the atmosphere, in the form, of 
aqueous vapour. Another source is in the breathing of 
men and animals, and another in the burning of any sub- 
stance containing hydrogen (such as the various oils, coal 
gas, etc.). This latter process is illustrated in Fig. 26, 
where at b water collects, which is produced from the 
hydrogen of the coal gas and the oxygen of the air. It is 
a common experience that if one breathes on a mirror the 
moisture is condensed on its cool surface; or if a cold 
surface, say of metal, be held over any gas flame, it becomes 
wet, because the moisture, produced by the hydrogen of 
the burning gas, is condensed ; and in a crowded room one 
sees water trickling down the windows and walls especially 
if the temperature outside be low. 

It will be seen from this how useless and insanitary it is 
to attempt to dry, or air, an apartment by lighting gas in 
the room. The air becomes charged with moisture and 
also with the impure products of combustion (chiefly 
carbon-di-oxide, moisture, and sulphur compounds). 

Carbon-di-oxide (Carbonic acid gas).— This gas is 
usually present in air to the extent of about '04 per cent. 
It is being continually produced in all processes of burning 
carbonaceous matter (e.g, coal, wood, oils, etc.) ; in the 
putrefaction and decay of organic matter; also by the 
breathing of men and animals. 

By drawing the products of combustion of a gas flame 
through lime water, as in a. Pig. 26, a milkiness is produced 
in the latter, proving the presence of carbon-di-oxide. 
Also by breathing through lime water the same effect is 
produced, due to the same cause (see also p. 57). 

Now since all these sources of carbon-di-oxide are at 
work, continually discharging the gas into the air, the 
question naturally arises. What becomes of it all ? The 
answer is that plant-life in general has the remarkable 
property (in presence of sunlight) of decomposing or 
splitting up carbon-di-oxide, using the carbon for its 
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structures, and giving us oxygen back again, for purposes 
of respiration. This may be readily proved by the 
following experiment. 

Fill a tall narrow bell-jar, having a stopper ground into 
it, with water, then immerse a good sized bunch of fresh 
mint, or fresh green leaves of any kind, in the water. 
Invert the whole in a dish of water and place in the sunlight; 
bubbles of gas will appear on the leaves, and then detach 
themselves, collecting at the top of the bell-jar. On 
applying a glowing chip to this gas, it will be found to be 
oxygen. 




Fig. 26. — Drawing the products of a gas flame through lime-water. 

It has been noticed that at high altitudes the amount 
of carbon-di-oxide increases, no doubt because there is very 
little plant-life in those regions. 

The other properties of carbon-di-oxide are considered 
later on (p. 56). 



Ammonia is a compound of nitrogen gas and hydrogen 
gas, and is produced naturally by the decomposition of 
bodies containing nitrogen. Its pungent smell can be 
readily recognised on entering a stable, the door of which 
has been closed for some little time. It is more likely to 
be found in air near towns than in fresh dountry air. The 
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small amount present in air contributes to plant-life, on 
account of its nitrogen. 

Nitric Acid. — ^This is formed in the air whenever a 
thunderstorm is in progress, and rain water examined after 
a storm of that kind is always richer in nitrates than 
ordinary rain water. These nitrates are a valuable plant 
food. In some parts of the world, notably in Chili (South 
America) large deposits of nitrates occur which have been 
formed by bacterial action (or nitrification). 

Ozone is never found in the neighbourhood of towns, 
but only in the freshest country air, and in sea air. It 
is easily destroyed by decaying or putrefying organic sub- 
stances of all kinds. The amount varies in country air, 
but is fairly constant in sea air. It is produced by electrical 
discharges in the atmosphere, and also (it is supposed) by 
the evaporation of sea water. In many of its properties it 
resembles hydrogen peroxide, and no doubt it is often 
mistaken for this substance. 

Sulphur compounds are chiefly found in the neigh- 
bourhood of towns or works, and are due to the burning 
of fuel or other substances containing sulphur. Certain 
sulphur compounds are also due to the decay of animal 
and vegetable matter containing sulphur (see sulphuretted 
hydrogen or stink damp). 

Sulphur or brimstone itself is found in the free state or 
native condition, naturally, and has therefore been known 
from the earliest times. It is generally found in volcanic 
districts, and there are mines of sulphur near Sicily. 
Many of the ores of metals are compounds of sulphur, as 
for instance, iron pyrites (bisulphide of iron); galena 
(sulphide of lead) ; copper pyrites (sulphide of copper and 
iron). 

When sulphur is heated in presence of air, it burns and 
forms 8ulphur-di-oxide, a very pungent smelling gas ; but 
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if heated out of contact with air or in closed vessels it 
goes ofP in the form of vapour, and then recondenses on 
the first cold surface it comes in contact with. This 
action is called sublimation^ and is a similar process to the 
distillation of a liquid. 

Sulphur is like carbon in the respect of having allotropic 
modifications (see under " Carbon "). That is to say, it may 
exist in several different forms, thus — rhombic and prismatic 
sulphur (so-called because of the crystalline shape), plastic 
sulphur (so-called because of its being able to be moulded 
like clay in the fingers), and amorphous (without shape) 
sulphur, are all varieties of one and the same element. 
Sulphur, like carbon, forms two compounds with oxygen 
— namely, sulphur-di-oxide and sulphur-tri-oxide, the former 
already mentioned, the latter forming when combined with 
water the well-known oil of vitriol or sulphuric acid. 



CHAPTER VI. 

WATER. 

Water* was formerly classed among the elements, but 
is now readily proved to be a compound of hydrogen and 
oxygen. By passing an electric current through water. 



Fig. 27.— Apparatus for decomposing water. 

the latter is decomposed, and the two gases which 
compose it are collected in the two tubes of the volta- 
meter, as the instrument is called. It is found that the 
volumes of the gases collected are in the proportion of 

' Chemical formula HaO. Density (in (he form of steam), 9. Com. 
posed of a parts by weight of Hydrogen combined with 16 parts by weight 
of Oxygen. By volume, as water vapour or steam, it contains z volumes 
ol Hydrogen combined with i volume of Oxygen. 
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two to one, and that the gas with the larger volume is 
hydrogen. By taking the gases thus produced into one 
vessel, and passing an electric spark through them, they 
re-combine, with an explosion, forming water again. 

Another method of proof is to use some substance 
having a greater affinity or attraction for oxygen than 
hydrogen has, and which is therefore able to decompose 
water. Such a substance is found in the metals potassium 
and sodium, which on being thrown on to water at once 
decompose it, causing hydrogen gas to be liberated. By 
enclosing the metal in a kind of gauze spoon, and holding 
a cylinder filled with water over the bubbles of gas, they 
may be collected and proved to be hydrogen. 

Further, if steam be passed through a red-hot iron 




Fig. 28. — To illustrate decomposition of steam. 

pipe, it (the steam) is decomposed into its elements, the 
oxygen combining with the iron and forming iron oxide 
(magnetic), and the hydrogen gas passing on in the free 
condition. Thus 3 Fe + 4H20 = Fe304 + 4H2. It may be 
readily collected over water, and proved to answer to all 
the tests for hydrogen gas (see Fig. 28). 

When water is cooled down it obeys the usual law of 
contraction up to a certain pointy 4° C, but at that tempera- 
ture it begins to expand until the freezing point 0° C. is 
reached. (Hence at 4° C. water has its maximum density.) 
This expansion is responsible for the bursting of water pipes. 
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and for the breaking down of masses of rock and the' 
crumbling of soils. The water, after filling the crevices of 
the rocks, expands when frozen with an irresistible force. 

Bomb-shells have been burst by filling them with water 
and then exposing them to the temperature of freezing 
point, or below it. 

Pure Water, and Natural Waters. — Pure water is a 
product of the laboratory, for water is never found absolutely 
pure in Nature. The nearest approach to it is rain water, 
which is really produced by a process of natural distillation. 
The heat of the sun evaporates water from the sea and 
other sources ; it is carried into the atmosphere as vapour 
or moisture, and is condensed by cool winds, falling again 
as rain. But the rain water becomes contaminated by 
impurities in the air through which it has passed, especially 
in the neighbourhood of towns. 

Water is generally purified by distillation, which con- 
sists in converting the liquid into steam and condensing 
the latter by suitable means, generally by passing through 
a tube or pipe, round the outside of which cold water 
circulates (see Figs. 29, 30). By these means the solid 
impurities are left behind in the boiler or retort. 

Filtration, which is resorted to as a purifier of water, 
does not remove matter which is actually in solution, or 
dissolved in the water, but only that which is in suspension 
in the liquid. For the supply of towns, water is filtered 
through beds of sand and gravel. Since water is the most 
universal solvent we know of, it follows that all water that 
has been in contact with the earth or other solid matter is 
liable to be contaminated by various substances. Most 
river waters are turbid or muddy, owing to the presence of 
finely-divided solid matter in suspension. This would settle 
out if allowed to do so, but the clear water would still 
contain more or less solid matter dissolved in it. The 
dissolved substances have been derived from the land, the 
rocks and strata, over and through which the water 
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has passed, and they vary in nature and in amount with 
the kind of rocks traversed. Water passing over mag- 
nesian limestone contains, roughly, ten times as much 
solid matter in solution as that which passes over a 
granite formation. 

Not only is there the solvent action of the water itself, 
but the latter in passing through the air takes up carbonic 
acid, which enables the water to dissolve carbonates from 
any deposits containing them; and thus in many waters 
are found lime and magnesia carbonates and sulphates, to 
which substances the hardness of water is due. 

Temporary and Permanent Hardness of Water. — 





Figs. 29, 30.— Condensers. 

The hardness caused by lime carbonate and magnesia car- 
bonate can be removed by boiling, or by the addition of 
milk of lime, the reason being that the carbonic acid, by 
whose agency they are held in solution, is either driven off 
(by boiling) or neutralised (by milk of lime). Such hard- 
ness is called temporary. 
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The sulphates of lime and magnesia do not owe their 
presence to the action of carbonic acid, but simply to 
the solvent action of the water itself. Consequently 
they are not precipitated on boiling, and are said to cause 
permanent hardness. 

Water may be sometimes so highly charged with car- 
bonate of lime that objects placed in it become, in 
time, coated with a layer of it, causing petrifaction. In 
most cases the shells of shell-fish are built up of this 
substance, which has been assimilated from the water by 
their organisms. Again, water charged with carbonate of 
lime and magnesia, in dripping from the roof of a cavern, 
deposits lime by degrees, forming a growth from the roof 
known as a stalactite, and a corresponding growth on the 
floor where the water drops called a stalagmite ; eventually 
the two meet, and form a sort of pillar of lime and magnesia 
carbonates. 

Certain springs — for instance, those at Epsom, in 
Surrey — are charged with magnesium sulphate (hence the 
name Epsom salts) ; others (such as the chalybeate springs 
found in various parts of the country) contain salts of iron, 
etc. ; and the writer had a particular case under examina- 
tion some little time ago, where very decided amounts 
of manganese (not magnesia) were found in solution in a 
natural water, probably as bicarbonate.^ 

Water for Boiler Purposes. — The importance of 
these facts to persons identified with mining lies in the 
circumstance that all waters, which have to be dealt with 
in mines, are contaminated, more or less, by salts of dif- 
ferent kinds and in varying quantities ; and upon the nature 
and amount of these solids it depends whether a given 
water can be used for boiler purposes. This is a matter 
which can only be thoroughly decided by analytical ex- 
amination. Not only should the total solids be known, 
but also the nature of those solids, and the hardness of 

^ See Chemical News ^ October 1 90 1. 
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the water. Further, it is necessary to know whether the 
water is acid, or not. 

A water containing, say, 60 or 70 grains per gallon of 
sulphate of soda, or carbonate of soda, would not be nearly 
so objectionable as one containing 8 or 10 grains per 
gallon of carbonate or sulphate of lime or magnesia. 
Sulphate of lime is a most objectionable constituent, as 
it forms such a hard, compact scale on the boiler plates. 

The following are analyses of boiler scales, which have 
been formed in boilers fed with waters from various dis- 
tricts : — 

No. I. No. 2. No. 3. No. 4. No. 5. Na 6. 
p. cent. p. cent. p. cent. p. cent. p. cent. p. cent. 

Silica (sandy | ^.^^ ^-SO 5-20 5-60 910 5-0 

matter) . . J 

Iron oxide and \ 

aluminia (clayey 

matter) 

Lime carbonate . — traces 70-6 82-1 40-0 73-2 
Lime sulphate . — 82*5 '87 trace 11 -6 traces 



•50 '50 4-8 1-60 6-50 2-0 



Magnesia carbon- 
ate . 



■ I 98-0 14- 



5 18-1 10-4 29-2 20-0 



Waters containing magnesium chloride are to be avoided, 
as at high temperatures hydrochloric acid is liable to be 
produced, which, of course, would corrode the boiler plates. 

A thin scale in a boiler is not undesirable, as it 
tends to neutralise, or destroy, any acids that may be 
formed. The water from a peaty moorland is often found 
to be acid, and many pit waters are very decidedly so 
with sulphuric acid, due to the weathering of coal-brasses, 
or iron pyrites, a compound of iron and sulphur. Ochrey 
waters are often acid. 

When the use of waters containing lime and mag- 
nesium salts is unavoidable, methods are often made 
use of for the removal of these objectionable scale- 
forming substances. These methods are many and 
varied. The principle underlying some is to precipitate 
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or throw down the lime and magnesia salts, by means 
of suitable chemicals, generally in the form of carbonate 
of soda, caustic soda, phosphate of soda, milk of lime, 
used singly, or mixed, to suit the particular needs of the 
water to be treated. The precipitated matter is allowed 
to settle in tanks, and the clear liquid is siphoned or 
pumped off; or the sediment is separated by passing 
through a series of partitions in which are baffle plates 
and filtering medium, such as wood pulp, shavings, or 
coarse matting. 

Most of these processes, as a rule, give good results, 
provided that they have proper attention, and that the 
supply of chemicals be properly regulated according to 
circumstances. After a wet period most water supplies 
require less chemicals per 1000 gallons than they do 
in a dry period, as in the latter case the solids in the 
water are getting concentrated. After treatment, the 
water is said to be softened. It is, as a rule, preferable to 
treat the water before going into the boiler, when this is 
practicable. 

Besides the chemical reagents above mentioned, other 
substances are used, such as tannate of soda, argol (a 
crude tartrate of potash), petroleum, and tannery refuse. 
Zinc plates are, in some cases, suspended in the boiler, 
the galvanic action set up between the zinc and the iron 
being said to have a beneficial effect in scale prevention. 
Oyster shells and even potatoes are used in many cases. 
Greases are, as a rule, to be avoided, as they are liable to 
give rise to acid substances at the temperature which 
exists in the steam boiler. 

The pitting or corrosion of boilers may be due to the 
presence of acid (sulphuric acid as before mentioned), 
also of hydrochloric acid from magnesium chloride. 
It is also thought possible that local action may cause 
it in some cases — that is, a slight difference in chemical 
composition between two adjacent plates, giving rise to 
galvanic action ; or a difference brought about in punching 
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or shearing the plates, whereby the material near the 
punched hole is altered somewhat, physically, from the 
rest of the plate, again giving rise to galvanic action. 

The external corrosion of boilers is sometimes a cause 
of weakening. This is, of course, more likely to occur 
when the boiler is out of use. When in use, the 
sulphurous acid gas from the pyrites of the coal is 
an active agent of corrosion on the parts of the boiler 
farthest removed from the fire, upon which dampness 
or moisture may condense at some time. Soot and 
dirt on these parts encourage the retention of water, 
and therefore increase the tendency to corrosion, since 
they help to retain the acid fumes. Hence the boiler 
should be inspected regularly, and kept as clean and dry 
outside as possible. 

Hydrogfen. — It is important that this gas, which with 
oxygen forms water, should have here a description of its 
properties and methods of formation. 

A curious and interesting sight is to see the liberation 
of hydrogen from water by means of the metals potassium 
and sodium. The water appears to take fire owing to the 
flame produced due to the ignition of the liberated hydrogen. 

The most general method of making hydrogen is by 
decomposing an acid, such as h3ndrochloric or sulphuric 
acid, by means of the metals zinc or iron. Fig. 31 shows 
the apparatus used for this purpose. The zinc is placed 
in the flask, fitted, as shown, with a safety funnel, down 
which the diluted acid is poured. The gas begins to 
come off immediately, but time must be allowed for the 
air in the flask to be expelled before collecting. It is 
collected over water in a glass cylinder placed on a bee- 
hive shelf, as shown. 

Hydrogen is the lightest substance known, being about 
14| times lighter than air. On this account it is used for 
filling navigable balloons, etc., though in some cases coal- 
gas is used for cheapness' sake. It may be collected in a 
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vessel held upside down, and poured upwards from one 
vessel to another. It is supposed to be the vapour of a 
very volatile metal to which the name hydrogenium has 
been given. Certain metals, for instance platinum, pal- 
ladium, and even iron, absorb the gas or occlude it, and 
many useful applications are based upon this property 
with regard to the first two metals above named. 

Those interesting objects known as meteorites, which 
fall from time to time on our sphere, often contain 




Fig. 31. — Apparatus for the preparation of hydrogen gas. 

occluded hydrogen gas, and we know beyond doubt (by 
means of spectroscopic observations) that the atmosphere 
surrounding the sun (more correctly called the photosphere) 
is one huge volume of hydrogen gas in an incandescent 
state. 

Hydrogen is necessary to the constitution of all true 
acids, though many substances are commonly called acid 
which do not contain hydrogen (notably carbon-di-oxide). 

One-fourth of the weight of marsh gas or fire-damp is 
due to hydrogen. It is very inflammable, and forms a 
highly explosive mixture with air or oxygen. When it 
burns, water is produced. The gas has no poisonous 
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exists as carbon alone in very different forms (spoken of 
as allotropic modifications). For instance, the diamond, 
graphite (from which pencils are made), and charcoal, can 
be easily proved to be different forms of the same element, 
carbon. When burnt in oxygen gas they each form the 
same compound, carbon -di-oxide. A weighed quantity of 
diamond produces the same quantity of gas as the same 
weight of pure charcoal does. Other common forms of 
carbon are lampblack, gas-carbon, animal charcoal, wood- 
charcoal, etc. 

Lampblack is made by burning substances rich in 
carbon, such as oils, tar, tallow, etc., with as little air 
supply as possible; and the smoke from them, which is 
chiefly carbon in a very fine state of division, is condensed 
in some suitable way in cool chambers, from which it is 
collected afterwards. 

Gas-Carbon, as its name implies, is a product of the 
gasworks, and has been slowly deposited on the sides of 
the retorts in which the coal is distilled for gas-making 
purposes. It is a very pure form of carbon, for a com- 
mercial product, and contains little ash. It is used for 
making carbon rods for electric lighting and for electric 
battery purposes, also for recarburising, or adding carbon 
to molten steel. 

Coke is a much more impure form of carbon, and con- 
tains all the mineral matter which was originally present 
in the coal from which it was made. It contains, on an 
average, about 88 to 90 per cent, carbon (see under 
" Fuels "). 

Animal Charcoal, or Bone Black, is made by heating 
bones in vessels from which air is excluded. It contains 
very little carbon. About 90 per cent, of it is phosphate of 
lime, but owing to its peculiar condition it forms a sort of 
carbon sponge. It is used for clarifying certain liquids, 
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e,g. in sugar refining, and for various other purposes of 
decolourising. 

Ordinary Charcoal is made by heating wood in closed 
vessels, no air being allowed to enter. It bears the same 
relationship to wood that coke does to coal, and retains 
all the mineral matter originally present in the wood, 
this forming the ash. Charcoal has the remarkable pro- 
perty of absorbing gases in its pores, and on this account 
is able to prevent certain foul gases becoming injurious. 
A layer of charcoal spread over decaying or decomposing 
matter of any sort will at once arrest the smell. 

Charcoal is added to soils, in some cases in order to 
keep them sweet and pure, and trays containing this sub- 
stance are often placed in the ventilators over sewer pipes 
to absorb ill-smelling vapours. The reason why charcoal 
and porous cinders will float on water is because of the air 
contained in their pores. If this be removed under an air 
pump they will sink. 

The compounds of carbon and oxygen next claim 
attention. There are two, namely, carbon-mon-oxide, 
and carbon-di-oxide. 

Carbon-mon-Oxide, Carbonic Oxide, or White- 
Damp. — Chemical formula CO. Density 14. Specific 
gravity -967. It is composed of 12 parts by weight of carbon 
combined with 16 parts by weight of oxygen ; by volume it 
contains one volume of carbon vapour combined with one 
volume of oxygen. This is the most treacherous gas with 
which the miner has to deal. There are no ready means 
of detecting its presence. It has no colour, no taste, no 
distinct smell; yet the presence of so small a quantity 
as 1 per cent,, if breathed for any length of time, is sufficient 
to cause death. It cannot be too forcibly realised that this 
gas is as much a poison as prussic acid and arsenic, and 
does not kill by suffocation, or because of the deprivation of 
oxygen, as some gases do. 
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The following effects are produced when carbonic oxide 
is breathed : — 

Percentage of gas. Effect. 

•05 After half an hour or more, slight giddiness 

on exertion. 
•10 After half an hour or more, inability to 

walk. 
•20 After half an hour or more, loss of con- 

sciousness, and perhaps final death. 
1*00 After a few minutes, loss of consciousness, 

and final death. 
Oxygen gas is the best antidote to administer to a 
person who has been " gassed " with carbonic oxide. 

In the pure state the gas will burn, forming the other 
oxide (COg), and in certain proportions it forms an explosive 
mixture with air. The most explosive mixture is two 
volumes of CO ^ith five volumes of air. This gas can be 
often seen burning with a blue flame on the top of a caked 
coal fire, and is always produced under similar conditions 
to these — namely, when carbon in any form burns with a 
limited or deficient supply of air. This may be experi- 
mentally proved by passing the di-oxide through a red-hot 
tube packed with charcoal (using the same apparatus as 
shown in Fig. 26), packing the tube with charcoal instead 
of iron ; carbon-mon-oxide issues from the other end of the 
tube. In the fire-grate the gas COjj is formed at first, but 
on passing up through the hot mass of coal it takes up 
more carbon, and becomes carbonic oxide (CO) — thus 
CO2 + C = 2C0. 

Dense black smoke is, as a rule, accompanied by carbonic 
oxide, and this means a loss of fuel in two ways — namely, the 
carbon, forming the black particles to which the smoke 
owes its colour ; and the carbonic oxide, which is unburnt 
gas. Both of these substances, if burnt, would give out 
their proportion of heat. 

White- Damp is not found naturally in the air of the 
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mine, but is formed in the explosion of certain compounds 
used for breaking down the coal. It is also produced by 
gohfiresj in which carbon, in the form of coal, is burning 
with a limited supply of air, and is present in after-damp — 
that is, the mixture of gases formed by an explosion of 
fire-damp in the mine. In many cases, those who have es- 
caped the direct effects of an explosion have been overcome 
and poisoned by this gas. The suicide, who seals himself 
up in a room in which a charcoal stove is burning, owes his 
death to white-damp. The gas from blast furnaces used in 
iron smelting contains, roughly, 30 per cent, of white-damp, 
which was formerly allowed to escape into the atmosphere, 
but is now conducted under boilers and there burnt, and 
its heat of combustion made use of. 

No very ready test for the presence of carbonic oxide 
is available, especially for recognising such small amounts 
as may be fatal to life. If present in any quantity, the 
cuprous chloride reaction may be used, but this is only the 
case where the actual amount is to be estimated. The gas 
is soluble in this reagent (cuprous chloride solution). 

The most practicable method of recognising the presence 
of small (or large) quantities of the gas depends on the 
action of the latter upon the blood. If a few drops of 
blood be added to water a pale yellow colour is produced, 
and if this be shaken up with carbonic oxide gas the colour 
changes to pink. The effect on blood is also readily seen by 
means of the spectroscope, an instrument, however, which 
could scarcely be used under the requisite conditions for 
testing a noxious atmosphere in the mine. 

Dr Haldane suggests the use of a mouse or a bird, by 
noticing the effects on which creatures the safety (or other- 
wise) of an atmosphere can be gauged. The effect of 
carbonic oxide on these animals is much quicker than on 
a human being, and thus gives timely warning. 

Carbon-di-oxide, Black-Damp, Choke-Damp or 
Stythe, commonly known as carbonic acid gas. Chem.- 
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ical formula CO2. Density 22, specific gravity 1'527. It 
contains 12 parts by weight of carbon combined with 
32 parts by weight of oxygen, or one volume carbon 
vapour combined with two volumes of oxygen. 

In the atmosphere of the mine this gas is always pre- 
sent in greater or less quantity, being produced continually 
by the breathing of men and animals, and also by the 
burning of the lamps ; and it is often given off from the 
coal itself. It is always found in after-damp, having 
been formed by the explosion of marsh gas or fire-damp, 
a substance rich in carbon. Carbon-di-oxide is a colour- 
less invisible gas, with a very slightly acid taste and 
smell, but it is rarely in sufficient amount to be recognised 
by these properties : in fact, such an atmosphere would not 
support life. It will not burn itself, nor allow anything to 
burn in it. The sparkling of aerated waters is due to the 
escape of this gas, which has been forced into the water 
under pressure. Its weight enables it to be poured, 
siphoned, or ladled from one vessel to another, as though 
it were a liquid, since it is 1 J times as heavy as air. 

By balancing a glass vessel at one end of a chemical 
balance, and then displacing the air in it by carbon-di- 
oxide gas, the increase in weight is readily seen. 

The property that this gas has of extinguishing a light 
has been made use of in fire-extincteurs, the constituents 
of which give out carbon-di-oxide. It is also used in a 
compressed form in strong cylinders for the same purpose, 
and has been made use of for extinguishing fires in mines. 
Large tanks are built at the surface, pipes from which lead 
the heavy gas into th^ workings. The gas is generated by 
the action of hydrochloric acid on limestone or chalk. 

It must not be supposed that, on account of its weight, 
the carbonic acid is always found on the floor of a mine 
(though it is often found lying in holes or pockets in the 
ground and in lower level workings). This would be so 
were it not for gaseous diffusion, which has been already 
explained (Chapter III.). 
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In some cases, however, such a phenomenon is to be 
noted, as in wells, and in certain districts where the gas 
issues in continuous discharge from the earth (from sub- 
terranean sources), notably in the Poison Valley of Java, 
where a kind of lake of the gas exists, fed from the earth. 
In such cases the safety of the atmosphere for breathing is 
readily tested by lowering a lighted candle into it. If it con- 
tinues to burn, then carbon-di-oxide cannot be present in 
dangerous quantity. It is possible to exist for a while in 
an atmosphere which will not support the combustion of a 
candle, but it is extremely dangerous. When the amount 
of carbon-di-oxide gas reaches 8 to 10 per cent., the 
atmosphere will not support life long. 

In a paper read before the Society of Chemical In- 
dustry, in April 1895, by Clowes and Feillman, it was 
pointed out that there was a marked similarity in the 
composition of the gases produced by breathing, and by 
combustion. Thus air from the lungs, after the breath 
had been held for forty seconds, gave on analysis — 

14'97o oxygen ; 81 •4"/^ nitrogen ; 3'77o carbon-di-oxide. 

The gases produced by the burning of an alcohol flame 
contained — 

14'9**/^ oxygen ; 80*7°/^ nitrogen ; 4*3% carbon-di-oxide ; 

and from a burning candle — 

15*77o oxygen ; 81 'T/o nitrogen ; 3*27o carbon-di-oxide. 

It was stated, on the authority of Dr Haldane, that 
atmospheres such as the above did not produce any 
noticeable inconvenience when breathed. It therefore 
follows that atmospheres which extinguish any flame 
ordinarily used may yet be perfectly safe to breathe. 
This does not apply to a hydrogen flame, which is only 
extinguished in an atmosphere which is quite incapable 
of supporting life — namely, 5"5 per cent, oxygen and 94*5 
per cent, nitrogen. 
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The following table shows the results from the presence 
of the stated percentages of carbon-di -oxide : — 

Per cent. Carbon- „«. ^ „ . . , ^ ,^ . 

di-oxide Gas. ii-nects on Respiration and Combustion. 

3*5 Breathing deepens. Lights still burn. 

6*0 Marked panting. Lights still burn. 

10*0 Severe distress. Lights still burn. 

15*0 Partial loss of consciousness. Lights 

extinguished. 
25-0 Death. 

Carbon-di-oxide is readily absorbed by a solution of 
potassium hydrate (or by the solid itself, commonly known 
as caustic potash). This property is made use of in pneu- 
matophores, the carbon-di-oxide produced by the breathing 
of the person wearing the apparatus being taken up by the 
potash. (For description of pneumatophores, see pp. 96-7). 

A ready test for the presence of carbon-di-oxide is found 
in lime-water, which is made by shaking up freshly-burnt 
lime, or quicklime, with water, and allowing it to settle, using 
the clear liquid which remains. On breathing through this 
clear solution for a few seconds, a milkiness is produced in 
it, expired air containing about 4 per cent, of the gas COg 
under ordinary conditions. The milkiness is produced by 
this carbon-di-oxide combining with the lime in solution in 
the lime-water, forming carbonate of lime. If the blowing 
be continued long the milkiness disappears, but is re-formed 
on boiling, and in this experiment we imitate the process 
by which carbonate of lime gets into water, causing tem- 
porary hardness (see under " Water "). 

Carbon-di-oxide does not exert a poisonous action like 
carbonic oxide does, but deprives one of life by suffocation, 
on account of the absence of free oxygen. Angus Smith 
devised a rough test for the amount of carbon-di-oxide in 
an atmosphere thus: He took a bottle of 10| ounces 
capacity, and added | ounce of clear lime-water, shaking 
up well. If no milkiness be produced, then the sample 
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of air in the bottle at the time could not have contained 
more than '06 per cent, of carbon-di-oxide : — 

Preparation of Carbon-di-Oxide or Black-damp. 

— The ordinary method is to decompose limestone with 
hydrochloric acid, in an apparatus similar to that used 
in preparation of hydrogen, but almost any carbonate 
(for instance, washing soda) may be used, and an acid 
such as vinegar. Many interesting experiments may be 
made with it, not requiring much apparatus. It may be 
generated from the above-named materials in a jug or 
bottle, and poured into other vessels as though it were 
a liquid. In this way the extinction of flame, the effect 
on lime-water, and its great density, may be readily shown. 
No doubt it appears curious, if not impossible, that an 
invisible gas such as this should contain the black sub- 
stance, carbon, but this also may be clearly proved by 
collecting a jar of gas, and plunging a piece of burning 
magnesium wire into it. The latter metal has a greater 
affinity or attraction for the oxygen of the gas, than 
carbon has; consequently, the gas is decomposed, and 
carbon in the form of small, black, solid particles is 
liberated, and is readily seen. The white substance 
(magnesia, or oxide of magnesium) which is produced 
at the same time may be separated by adding a little 
dilute acid, then leaving the black particles of carbon 
more plainly visible still. 



CHAPTER VIII. 

FIRE DAMP.— COMBUSTION.— COAL DUST 

AND ITS ACTION. 

Methane, Marsh Gas, Light Carburetted Hydro- 
gen, Fire-damp. — Chemical formula CH^. Density, 8. 
Specific gravity '55. Composed of 12 parts by weight of 
carbon combined with 4 parts by weight of hydrogen, or 
one volume carbon vapour combined with four volumes of 
hydrogen. 

This gas is one of a numerous class of compounds of 
carbon with hydrogen, called by the general name of hydro- 
carbons. Of all these, fire-damp is the one which contains 
the largest amount of hydrogen. It is very like hydrogen 
in its properties, and though eight times denser than 
hydrogen, yet compared with air it is an extremely light gas. 
Because of this lightness, it tends to collect in the highest 
places in the roof of the mine, unless thoroughly swept out 
and diluted by the ventilating current, assisted by diffusion. 

Fire-damp often goes by the name of marsh gas, 
because it is the gas liberated when the decomposing 
vegetable matter or deposit at the bottom of ponds or 
marshes is stirred up. It is evidently the result, in 
nature, of the decomposition of vegetable organic matter. 
In this way it has been generated during the forma- 
tion of the coal measures, countless ages ago, and after 
being long pent up escapes from the coal and adjoining 
strata when these are disturbed. Mixing with the air, it 
gives rise to the extremely explosive mixture, the ignition 
of which has caused so many disastrous effects in mines 
throughout the world. The most explosive mixture is 
about 9*4 per cent., by volume, of fire-damp, mixed with 

6o 
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90*6 per cent, of air. Fire-damp, along with carbon- 
di-oxide, is often met with, even in sinking through strata, 
before the coal is reached. 

The gas exerts no poisonous action, but will not sup- 
port life, because of the absence oi free oxygen. It will 
burn itself, but will not allow a light to burn in it. 

Though pure methane, chemically prepared, has no 
smell, fire-damp has a slight one, due to the presence of 
small amounts of other hydrocarbons. When the gas 
burns it produces carbon-di-oxide and water vapour — the 
same products, it will be noticed, as in ordinary breath- 
ing — and when fire-damp explodes, the products are the 
same, since, as we shall see, explosion is really a very rapid 
burning. 

Gases produced by an Explosion of Fire-damp.— 

At this point it will be well to consider what gases are 
produced by an explosion of fire-damp. 

The elements present before the explosion are : — 

Carbon ) constituting fire-damp. 
Hydrogen J 

Oxygen ) constituting the air. 
Nitrogen J 

When the explosion takes place, the carbon of the fire- 
damp combines with the oxygen of air, producing carbon- 
di-oxide or black-damp, and possibly some carbonic oxide or 
white-damp (depending on conditions prevalent at the time 
of the explosion). The hydrogen of the fire-damp combines 
with the oxygen of the air to form water, and the nitrogen 
gas is left unaltered. 

The latter fact is sometimes lost sight of in con- 
sidering the gaseous products of an explosion ; but, as 
we have seen, since it cannot support life, it is quite as 
deadly as black-damp or white-damp. It is also left in 
large quantity , since it forms four-fifths of the volume of the 
air originally present. So that after-damp, as the gaseous 
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products of an explosion of fire-damp and air are called, 
consists of a mixture of black-damp, white-damp, nitrogen, 
and water vapour. 

Laboratory Preparation of Methane. — Methane 

may be prepared in the laboratory by heating a mixture of 
sodium acetate and sodium hydrate, with the addition of 
some lime to prevent the other materials from melting. 
Thus prepared the gas has no distinctive smell, no taste, 
and burns with a slightly luminous flame (probably due to 
particles of soda salts suspended in it). Its properties may 
be well illustrated by means of ordinary coal-gas, which it 
resembles in composition. 

Tests for the Presence of Fire-damp in Mine. 

— The presence of fire-damp is recognised by its peculiar 
action upon the flame of a safety lamp. Persons having 
an intimate knowledge of the mine, and of the most 
likely places for the gas to accumulate, carefully raise 
a lighted safety lamp into the suspected atmosphere. 
If the flame suddenly lengthens, it denotes the presence 
of fire-damp in dangerous quantity ; at the same time the 
flame becomes less luminous and the interior of the lamp 
cylinder becomes filled with burning gas, giving out a 
peculiar faint bluish light, known in some districts as the 
corpse-light. 

In case the flame does not alter in appearance, there 
may be still a decided amount of fire-damp present, though 
perhaps not in dangerous quantity. Under these circum- 
stances a further test is made by means of a very low 
flame in the lamp, when if fire-damp be present, a sort of 
cap of pale blue flame surmounts that of the lamp. The 
quantity of gas that can be recognised in this way may be 
as low as 2 per cent. 

It is pretty generally recognised that the presence of 
fire-damp is shown on the lower flame of an ordinary 
Davy lamp when it exceeds 2 per cent., as a pale blue 
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" cap " or halo, and the flame increases in length until 
about 6 per cent, of fire-damp is present ; from 8 to 15 per 
cent., the mixture will explode in the lamp; and if the 
proportion of fire-damp reaches as high as 30 per cent, 
the lamp flame is extinguished. It has been noted, in 
considering the properties of hydrogen gas, that it, also, 
will not support combustion, although burning itself and 
forming a very explosive mixture with air. 

It may be necessary, sometimes, to know the amount 
of dilution with air required to make a certain volume of 
fire-damp harmless. The following is an example : — 

A mixture of 50,000 cubic feet of air and fire-damp 
contains 10 per cent, of the latter. How much air must be 
added to it so as to prevent the " cap " showing in an 
ordinary safety lamp ? 

The 50,000 cubic feet of mixed gases must consist of 

45,000 cubic feet air 
5,000 cubic feet fire-damp 



50,000 



Assuming that 2\ per cent, of fire-damp can be 
recognised by an ordinary safety lamp but that 2 per cent, 
cannot, it will be necessary to dilute with air so that the 
fire-damp be present only to this extent (2 per cent.). 

The 5000 cubic feet of fire-damp then must be diluted, 
so as to be -^ part of the total volume. 

5000 X 50 = 250,000 

But there are already 45,000 cubic feet of air present, 
therefore the amount to be added is 

250,000 - 45,000 = 205,000 cubic feet air. 

In the first testing, before any idea of the conditions is 
known, great care must be taken not to tilt the lamp, but 
to keep it quite straight (perpendicular): otherwise the 
lamp flame may heat the gauze of the lamp, possibly to 
the extent necessary to allow of combustion, and so cause 
explosion. 
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Explanation of the Flame Test for Fire-damp. — 

After many careful observations, it has been found that the 
size of a flame is governed to a great extent by the pro- 
portion of oxygen present in the atmosphere in which it 
burns. If this proportion be increased^ then the size of the 
flame is decreased : if the proportion of oxygen be decreased^ 
then the size of the flame is increased. Hence the lengthen- 
ing of the lamp flame when introduced into an atmosphere 
containing fire-damp, in which there is less oxygen than in 
air. It is really as though the combustible gas, whatever it 
is (oil vapour or hydrocarbons, in the case of a pit lamp), 
has to search for food in the shape of oxygen, and the 
less the supply of oxygen the greater need for an extended 
surface of flame. 

In a paper read before the British Association in 1892, 
Dr Clowes described a miner's safety lamp in which an 
ordinary flame can at will be replaced by a hydrogen 
flame, and the use of the latter enables the miner to detect 
readily, and with certainty, the presence of fire-damp when 
in quantities ranging from "25 to 3'0 per cent., and to 
measure the amount. The lamp is available both for 
testing for the presence of gas, and also for illuminating 
purposes (when the delicate testing for gas is done), by 
means of an ordinary oil-flame. Hence, the latter alone 
can be used if necessary for the detection of amounts of 
fire-damp greater than 3 per cent. 

The hydrogen gas is carried in a compressed form in a 
small strong steel or copper cylinder, and is led into the 
lamp through a fine metal tube which terminates near the 
wick (see Fig. 32). Experiments were made to compare 
the flames of alcohol, benzoline, and hydrogen of equal 
heights when exposed to an atmosphere containing 1 per 
cent, of coal gas. In the case of the hydrogen flame the 
cap was nearly four times as high as that seen over the 
benzoline flame, and half as high again as that over the 
alcohol flame. The lamp proved a useful test in atmo- 
spheres charged with petroleum or naphtha vapour, which 
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form an explosive mixture with air. ^th of the amount 
necessary to form an explosive mixture can be detected by 
the flame. 

It was also explained that the amount of inflammable 
gas in air was measured not only by the size of the flame 
but also by its appearance, which changes considerably as 
the percentage of gas rises. Since the presence of coal 
dust lessens very much the amount of gas necessary for 
an explosion, a delicate test for the presence of gas is 
necessary. The presence of a cap over the lamp flame is 
caused by the increased temperature, enabling a mixture 
of fire-damp and air to burn (really helping the combustion), 
although it would not do so at ordinary temperatures. 
Consequently the increased heat, and the decreased light of 
the hydrogen flame, both tend to make the indications of 
fire-damp more readily seen. 

The most recent development of this lamp (Clowes and 
Redwood's patent) is illustrated in Fig. 32. It is a modified 
Gray oil lamp. The lamp is charged with a mixture, in 
equal proportions, of colza and paraffin oils. An upright 
strip about an inch in breadth of the inside of the lamp 
glass is smoked dead black by a wax taper, so as to form 
a background for observing the flame caps. An upright 
graduated gauge-wire is inserted in the wick holder to 
read off the heights of the caps. 

In testing for gas down to 3 per cent., the sleeve or the 
pillar of the lamp having been pushed up, the opening thus 
exposed is closed by the thumb. The lamp, which takes 
its air supply near the top, is then gradually raised towards 
the roof, and the behaviour of the flame is noted. If the 
flame seems likely to be extinguished by gas, the thumb is 
removed to allow the air-feed to be taken from a lower 
level, and thus to save the flame. A rough test is thus 
made in the ordinary way, and serves to detect the larger 
percentages of gas. If it is wished to measure the per- 
centage of gas present, the oil flame is pulled down by the 
" pricker " until it just loses its bright tip, and the cap is 

£ 
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looked for against the black smoked glass as a background. 

3 per cent, yields a cap of -3 inch. 

4 „ ,. „ -5 „ 

5 „ „ „ 11 „ 

6 per cent, yields a cap which just reaches the top of 

the glass. (See Fig. 33.) 
In testing for less than 3 per cent., if no distinct cap is 
seen over the reduced oiNfiame, 
this does not necessarily prove the 
absence of gas. The hydrogen 
flame, however, detects and meas- 
ures gas down to -25 per cent. The 
cylinder containing the compressed 
hydrogen serves as a convenient 
handle to the lamp (see Fig. 33). 
The hydrogen gas is gradually ad- 
mitted to the jet in the lamp. As 
soon as the hydrogen gas becomes 
ignited the oil ilame is extinguished. 
By turning the valve, the tip of the 
hydrogen flame is made exactly level 
with the top of the upright wire, or 
with the first cross wire if the scale 

, , J be used. The flame is now of 

FjG. la. — Clowes s hydrogen , , , ■ , 

lamp. Standard height. Careful observa- 

tion is made to see if any cap is 
visible over the flame. If any cap shows, then the per- 
centage of gas present may be judged by the height and 
appearance of the " cap." 
\ per cent, of gas gives -7 inch cap (the cap being pale and 

hazy in outline). 
\ „ „ "7 .. (moredefiniteinappear- 

a nee and outline). 

1 1, ,1 '9 „ \ (cap becomes not only 

2 „ „ 1*2 „ j- larger but also more 

3 „ „ 21 „ J visible and definite). 
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When the test with the hydrogen flame is finished, 
the wick is pushed up by the pricker and becomes kindled 
by the hydrogen flame, which is then shut off. 

The hydrogen test will probably be applied principally 
to the " main return," and possibly to " district returns," 
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to ascertain their condition, and to regulate the ventila- 
tion current and its distribution accordingly. It will be 
understood that neither the oil nor hydrogen flame 
must be extinguished until the other flame is burning satis- 
factorily in the lamp. 

Several lamps of various forms have been devised which 
will detect as little as \ per cent, of fire-damp in an atmo- 
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sphere. Most of these are only intended to be used after 
an ordinary lamp test has failed to give any indication of 
fire-damp. The alcohol flame of the Pieler lamp will detect 
\ per cent, of fire-damp readily. The flame gives out no 
light, and is chiefly used for gas testing. Some lamps use 
benzoline, and are useful in that they give a fair amount of 
illumination, as well as testing for presence of gas. As a 
rule, those in which inflammable liquids are used have a 
sponge in the oil tank, which soaks up the liquid, any 
excess of which is drained o£P. 

An ingenious method for indicating fire-damp has also 
been used by Liveing, based upon the fact that if the metal 
platinum be warmed, and then placed in an atmosphere 
of hydrogen, or of coal-gas, or of fire-damp, the platinum 
becomes still hotter, and finally glows with a full red heat. 
Two spirals are made of this wire, one enclosed in a 
sealed tube full of air, the other fitted alongside of it, but 
exposed to any gaseous atmosphere into which the appa- 
ratus may be placed. On sending a mild electric current 
through both, they become heated, but the one in the 
" gassy " atmosphere glows much more brightly than the 
one in the sealed tube of air, and the greater the proportion 
of fire-damp present, the more brightly it glows. The 
appliance is very sensitive, and is said to detect \ per cent, 
of gas. 

A device depending upon similar principles (the action 
of hydrogen or fire-damp on platinum) forms the subject 
of a patent taken out by Mackie of Pennsylvania. The 
greater the proportion of fire-damp in the suspected atmo- 
sphere, the greater the distance from the lamp-flame, at 
which a coil of platinum wire begins to glow with heat. 
Through a sheath which passes through the base of the 
lamp, there slides a vertical graduated support, the top of 
which is bent so as to support the platinum spiral over the 
oil flame. When the lamp is brought into the suspected 
atmosphere, the support is pushed up or down, until the 
point is determined at which the platinum begins to glow. 
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and the corresponding percentage of fire-damp is shown by 
a graduated scale on the support. 

The following test has been suggested also for the 
presence of fire-damp : — 

If an ordinary tuning-fork, when sounded in air, gives 
out a certain note, it will be found that, when placed in a 
vessel containing carbon-dioxide, the sound is slightly 
louder. On the contrary, when placed in an atmosphere 
of hydrogen or fire-damp, the sound becomes fainter. In 
other words, the sound is affected by the density of the 
atmosphere in which the fork vibrates. Though perfect in 
principle, it is somewhat doubtful whether this test could 
be made of practical use in the mine. 

Purpose of the Gauze in a Safety Lamp. — All 

metals are good conductors of heat, and, as we have seen, 
this property varies with different metals. (See under 
"Conduction.") Now, the purpose of the gauze of a 
safety lamp — which is made of metal, and therefore is a 
good conductor — is to rob the gases of their heat. A 
certain temperature is necessary before any gas, or mixture 
of gases, will inflame or explode, and if the temperature be 
kept down below this point, then ignition cannot take place. 

The principle upon which the safety lamp is based is 
well illustrated in Fig. 34. The gauze conducts the heat 
away from the flame so rapidly that the temperature does 
not rise to the point required to ignite the gas on the other 
side. The cooling efFect is also helped by the number of 
small holes (mesh) of the gauze, which cause the heated 
gases to be spread over a large extent of cooling surface ; 
this effect is greatly assisted by the action of Radiation 
(which see). 

The gauze used in the safety lamp is usually of a 
standard size — namely, 28 meshes to the linear inch — and 
the wire forming the gauze is of 28 gauge in thickness, the 
metal used being iron or copper. This was the size of the 
gauze used by Davy (784 apertures per square inch). The 
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Belgian Mueseler lamp, authorised by the Belgian Govern- 
ment, has a gauze with 900 apertures per square inch. The 
original Marsaut lamp had a gauze with 934 apertures per 
square inch. 

The old Davy lamp was not safe in an explosive mixture 
of fire-damp and air, if the current was moving at a rate of 
5 or 6 feet per second. Modern lamps are protected by 
shields or bonnets, and are so arranged that it is impossible 





Fig. 34. — Illustrating the action of gauze on flame. 

for a rapid current of air to pass through a lamp, even 
when exposed to a current of high speed. A properly 
constructed bonneted Mueseler should stand a current of 
50 feet per second without passing the flame, and this 
represents about an average figure, though some lamps 
would withstand much more. The flame of a Davy lamp 
may not only be blown against the gauze so as to heat it 
considerably, and so make it unsafe, but the wave of air 
produced by a blown-out shot is quite capable of forcing 
the flame suddenly through the gauze, even at some dis- 
tance from the place where the shot blew out ; and if an 
explosive mixture should be present in the atmosphere at 
the time, disastrous results might follow. 



FLASH POINT OF OILS. 7 1 

Ignition Point. — It is necessary, before chemical 
action, resulting in combustion or explosion, can take 
place, that a certain temperature be reached, depending 
upon the nature of the chemical action, and upon that of 
the substances taking part in it. This temperature varies 
within very wide limits for the many chemical actions 
which are possible, and the point or temperature which 
must be reached in order to bring about these chemical 
changes is spoken of as the " ignition point." 

Certain inflammable substances — for instance, turpen- 
tine, carbon-di-sulphide, ether, etc. — have low ignition 
points, that of carbon-di-sulphide being about 250** Fah- 
renheit ; and, similarly, various gases and gaseous mixtures 
have their particular ignition point, below which tempera- 
ture, combustion, or explosion cannot take place. The 
purpose of the gauze in the safety lamp is to help to keep 
the temperature of the gases, in an explosive mixture of 
fire-damp and air, below the ignition point, by conducting 
away the heat. The ignition point of an explosive mixture 
of coal-gas and air is 1200° Fahrenheit; that of fire-damp 
and air, 1230" Fahrenheit. 

That combustion depends upon temperature may be 
proved by suddenly lowering the temperature of a burning 
gas, when it becomes extinguished. This principle is made 
use of in certain " safety-jet " appliances where the oxy- 
hydrogen flame is being used. In case of any back suction 
the gases are bound to pass through a space packed with 
metallic gauze, which absorbs their heat so rapidly as to 
bring them below their combustible or ignition point. 

Flash Point of Oils. — Various illuminating oils — 
vegetable, animal, and mineral — are used in safety lamps. 
Some are of very low flashing points — that is, their 
vapour is inflammable at fairly low temperatures. For 
ordinary safety-lamps which do not burn spirit, but heavy 
oils such as colza, a mixture of two parts pure colza and 
one part best petroleum gives the best results. The 
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objection to the use of colza alone is the formation of a 
crust on the wick, after the lamp has burnt a while. The 
petroleum prevents this to a great extent, and, at the 
same time, a whiter light is given out. Two gallons of 
this mixture are sufficient to fill about 160 lamps of 
average size for 10 hours' burning. 

There is naturally more danger in the use of an oil 

which has a low flash point than in one with a fairly high 

flash point, because the former gives off vapour readily, 

forming an explosive mixture with air. Unless under very 

special circumstances, none should be used having a flash 

point below 73° Fahrenheit. The flash point of mineral 

oils ranges from about 75° F. to 140° F. When low flash 

oils are used, the practice is 

to absorb the oil in sponge or 

similar material, and not to 

flu the oil chamber with the 

liquid itself. 

The flash point of oils is 
raised by exposure to the air. 
Lamps which burn paraffin or 
petroleum have been regarded 
with suspicion, and often 
justly so. There is also a ten- 

fdency to compare the disas- 
trous results often attending 
the use of an ordinary house 
lamp burning paraffln,with the 
possibility of similar results in 
the mine. Paraffin has got a 
. — isjrj-, bad name on this account, but 

/ .^^M j there is really no comparison 

V^-il^lJ between the two cases. 

Fig. 35.— Naylor's safety-lamp. A miner's lamp, burning 

paraffin only, has been devised by Mr Naylor, of Wigan. The 
oil chamber and wick holders are so constructed that the oil 
is quite unable to be spilled or upset, even if the lamp be held 
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upside down. It will be seen from the diagram (Fig. 35), that 
the tubes carrying the wick aa pass nearly to the bottom 
ot the oil reservoir b, and the principle is really that of 
the " unspillable " ink-bottle. The burning of petroleum 
in this lamp is rendered safe by having a partition, or 
division plate, in the oil chamber, thus really converting 
it into two chambers. The wicks used are two in num- 
ber and circular in form, and Fig. 36 shows a method of 
electrically igniting them, if desirable, but the lamp is also 
made without this attachment. The electrical ignition is 
effected by bringing the knob k in contact with one term- 



FlG. 36.— Electrical ignilion of Naylor's lamp. 

inal of a secondary battery or accumulator, and the part 
X in contact with the other terminal. This completes 
an electrical circuit, in which is a piece of platinum wire, 
o, held in position near the wicks. The passage of the 
current causes the platinum to glow with a full red heat, 
and ignites the wicks. The black portion, i, shows the 
insulation of the rod, kn, by means of vulcanite or ebonite. 
With a half-inch flame in this lamp, 1\ per cent, of fire- 
damp can be readily detected; with 11 per cent, the flame 
is extinguished. The lamp will burn 14 or 15 hours with 
practically no attention. 

The candle-power from an ordinary size of miner's 
lamp varies from -25 to -75. The light emitted by this 
paraffin lamp is I'l candle-[)ower, a very considerable 
advantage. Naylor's lamp has been described because of 
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its lighting power being much above the average, due to 
the use of petroleum combined with a special form of wick 
and wick holder. It is quite beyond the scope of this 
book to describe other lamps — such as the Marsaut, 
Mueseler, Hepplewhite-Gray, etc.^slnce they are dealt 
with in great detail in books dealing with coal mining. 

Lighting Powers of Lamps.— The illuminating 

powers of different sources of light are compared by 
instruments called photometers, or light measurers. The 
standard, or practical unit for comparison, is a sperm 
candle (six to the pound) burning 120 grains per hour. 

In Rumford's photometer, the lighting powers from two 

different sources are compared by adjusting the two lights 

to he tested, so that they throw shadows 

of the same depth on a fixed screen. The 

shadow is cast by a vertical rod (see 

Fig. 37) which is placed between the 

screen and the sources of light. The 

brighter light will have to be placed at 

' a greater distance from the screen, than 

the other. When the shadows are of 

equal depth, then the intensities of the 

^^owmeur^'"'''" lights will be directly as the squares of 

their distances from the screen. For 

instance, suppose that one light is distant 12 inches and 

the other 18 inches from the screen, then the lighting 

powers are as 18* : 12« = 324 ; 144. Therefore the light, 

which is IS inches distant from the screen, has 144 = 
2-25 times the illuminating power of that which is at 12 
inches from the screen. 

Most of the photometers in use at present are based 
upon a method originally used by Bunsen (Fig. 38). If a 
piece of white paper be soaked in melted spermaceti wax, 
so as to cover all the surface except a small circle in the 
centre, on holding it up to a source of light the portion 
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soaked with sperm is fairly transparent, and appears 
lighter than the unsoaked portion. If, however, the light 
be between the paper and the eye, then the Boaked portion 
appears darker than the other, because the more opaque 
portion reflects the light better than the transparent 
part does. It follows, therefore, if the waxed paper be 
placed between two lights which are to be compared for 
intensity, that by moving the paper until it is equally 



Fkj. 38.— Bunsen's pholomeier. 

lighted on both sides, no central spot will be visible. The 
distance of each light from the waxed paper is then 
accurately measured and squared, giving the comparative 
intensities of the two lights. The waxed paper is usually 
mounted in a box between two small mirrors placed at 
such an angle that the person making the test can see 
both sides of the paper at once, and thus adjust the 
distance to a nicety. 

By means of these photometers, also, the candle-power 
of safety lamps can be gauged if desired. 

The photometric tests of safety lamps are made by 
these means; but it must be remembered that they are made 
under the best conditions — namely, when the lamps are 
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perfectly clean : consequently the results thus obtained are 
always higher than can be expected when the lamps have 
been in use a short time, and exposed to the action of 
coal dust, grease, and dirt generally. Further, it is the 
horizontal rays from the lamp which are measured by a 
photometric test, whereas the most useful part of the light 
to the miner is that which is thrown upwards. In the 
Hepplewhite-Gray lamp a reflector is used, so as to throw 
the rays in the most useful direction. 

Lamps burning acetylene gas (whose high illuminating 
power is well-known) are used on the Continent in mining, 
and are said to be more economical than electric lamps. 

Stink- Damp. — Chemical formula HgS. Molecular 
weight, 34. Density, 17. Specific gravity, 1'183. Com- 
position by weight, 2 parts of hydrogen combined with 32 
parts of sulphur. By volume — 2 volumes hydrogen com- 
bined with 1 volume of sulphur vapour. 

One of the earliest acquaintanceships which the 
chemical student makes in the laboratory is with the gas 
known there as sulphuretted hydrogen, and called by the 
miner stink-damp — a term denoting its most evident 
property, generally likened to the smell of rotten eggs. 

It is a colourless gas, and has distinctly poisonous pro- 
perties when inhaled in anything like a pure condition ; even 
when diluted with air it produces headache and giddiness. 
Compared with such gases as oxygen, hydrogen, fire-damp, 
white-damp, it is very soluble in water, the solution having 
similar properties to the gas. It is important to remember 
that it is a combustible gas, and in certain proportions may 
form an explosive mixture with air. 

A familiar example of the action of this gas is seen in 
its effect upon metallic silver ornaments, which become 
covered by a bluish-black deposit after being exposed to 
the air for some time, due to the union of the silver with 
sulphur, forming silver sulphide. For similar reasons, 
paints consisting largely of white lead gradually turn 
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brown or black, owing to formation of lead sulphide. The 
decomposition of many organic substances containing 
sulphur results in the production of this gas along with 
others. 

Though objectionable in many respects, stink-damp 
proves sometimes a good friend to the miner. Its 
characteristic smell is so readily noticed, even when in 
small quantities, that it cannot fail to attract attention. 
Now, the production of this gas is usually a forerunner of 
goh'fireSf and is also an indicator of the coal heating 
spontaneously. Further, it is a valuable indication to the 
miner to be on the look-out for the deadly white-damp, 
which, together with black-damp, is always given ofiF from 
gob-fires. 

Ventilation. — From the consideration we have given 
to the properties of the various gases met with in mines, 
and the dangers they give rise to if allowed to accumulate, 
it will be readily understood how necessary is thorough 
ventilation to the safety and well-being of persons 
employed in the mine. 

Not only is it necessary to have a sufficient atmospheric 
current to dilute and sweep out accumulations of fire-damp 
and noxious gases, but it is also essential that every human 
being and animal in the mine should have an ample supply 
of air for healthy breathing, and that the products of their 
breathing, and also of the burning of lamps, should be 
carried away. When doing no work, an average man 
breathes out at least 500 cubic inches per minute of 
respired air, which is rich in carbon di-oxide. Much 
more of the latter gas is contained in the breath if the 
man is working hard, because he is using up more carbon. 
Further, the surface of the coal should be kept cool by 
currents of air, so as to prevent spontaneous combustion. 

It is evident, then, that a large volume of air will have 
to be introduced into the mine from without. The amount 
varies with conditions of the mine, whether deep or shallow. 
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hot or cold, gassy or otherwise, and may be anything from 
100 to 500 cubic feet of air per man per minute. The 
powerful fans used for ventilating purposes at the present 
time in Great Britain are able to supply as much as 
500,000 cubic feet of air per minute if necessary. 

The subject of ventilation is a very important one, and 
in its entirety is quite beyond the scope of this book ; at 
the same time its principles depend upon certain laws in 
physics, and therefore a brief outline may be attempted. 
The question of any kind of mine ventilation is a matter 
of efiFecting a difference, by some means, in the density of 
the air in two shafts. (The method of ventilation by 
furnace is almost obsolete now.) It depends upon heating 
the column of air in one shaft, and thus lowering its 
density and causing it to ascend. Charles's law explains 
the action in this case. 

In ventilating by fan, the pressure is either lessened 
(by exhausting) or increased (by forcing) by mechanical 
means. In either case the action depends on Boyle's law. 

In two shafts forming part of a ventilating system, the 
weight of the column of air in one exceeds the weight of 
the column of air in the other, by an amount which repre- 
sents the " ventilating pressure " per square foot. This 
weight or pressure is that of the " motive column " as it 
is called, usually measured by an ordinary water gauge. 
The " motive column," then, is a column of air of such 
a height as will give a weight equal to the ventilating 
pressure. 

Since 1 cubic foot of water weighs 62*4 lbs., and 

62-4 

^p^- = 5'2 lbs. is the weight of 1 square foot of water 1 

inch deep, then taking the weight of 1 cubic foot of air as 

5-2 
•075 lbs., ;Qyg = 69'3 feet of air column equal to a weight of 

5'2 lbs. as shown by 1 inch of water gauge. 

This is approximately 70 feet of motive column per 
inch of water gauge. 
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The water gauge above mentioned is a glass tube, of 
U shape, often in metal fittings, so arranged that one of 
the limbs may be attached to a pipe connected with the 
fan-drift, or return air-way. Water is placed in the tube 
to a certain level, equal in both limbs, of course ; by noting 
the effect on the level of this water produced by the pres- 
sure, the amount of the latter is measured, each inch 
denoting, as stated, 5*2 lbs. pressure per square foot. 

Combustion. — In a wide sense, whenever chemical 
action goes on, accompanied by heat and light, combus- 
tion is said to take place, though in all cases the formation 
of heat and light is not necessarily brought about by 
chemical action. We usually speak of a substance being 
combustible with regard to air. For instance, we learn 
that ordinary coal gas is combustible, or will burn in air, 
but that coal gas will not support combustion nor allow a 
light to burn in it. 

The very fact of the combustion of coal gas in air 
shows that there must be chemical action going on between 
them, and one naturally asks. If coal gas will burn in air, 
owing to chemical action, cannot the process be reversed 
and air be made to burn in coal gas ? The answer to 
this question is, that it certainly can. 

In Fig. 39, air is represented burning in an atmosphere 
of coal gas. The latter is supplied through the pipe a and 
is ignited at b, where there is an outlet in a small piece of 
asbestos mill-board placed on top of the lamp glass. Then 
on pushing a lighted taper up the tube c, through which 
air is being drawn, the latter takes fire and burns as 
shown. 

To take a further illustration of the point, suppose that 
our atmosphere, instead of being composed of ordinary air 
as it is, were composed of coal gas (and that human exist- 
ence were possible under such conditions), then if the 
gasometers at the gas works supplied air to the houses 
instead of gas, on applying a light to the air issuing from 
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the pipes it would become ignited and burn, and the time- 
honoured custom of searching for an escape of air with a 
light would be attended by the same disastrous results as 
now — namely, explosion. It will be seen from this that 
the terms " combustible " and " supporter of combustion " 
are purely relative, and depend upon conditions existing at 
the time. 

At a meeting of the Chemical Industry Society, in 

December 1894, the results of 
A experiments by Clowes and Feill- 

y--WU^ man were given, in connection 

/ ^"^ \ with the power of certain gases 

to extinguish flames. They proved 
that, carbon-di-oxide is a more 
powerful extinguisher of flame 
than nitrogen is, probably on 
account of its density. 

Attention was called, further, 
to the great practical advantage 
which is derivable from the large 
proportion of carbon-di-oxide (58 
per cent.) necessary to extinguish 
the hydrogen flame. 

In the Clowes lamp (see Fig. 
32), a hydrogen flame can be 
burnt at will, instead of the oil 
flame. It is found that by burn- 
ing the hydrogen flame besides 
the oil flame, in parts of the mine 
^39.-.^r burning in coal- ^^^^^ ^^^ atmosphere might Con- 
tain large amounts of carbon-di- 
oxide, the extinction of the oil flame is not attended by loss 
of flame in the lamp, since the hydrogen flame never goes 
out, and serves to rekindle the wick in fresh air after the 
oil flame has been extinguished by a foul atmosphere. 
This has proved to be a great convenience to exploring 
parties in a mine after a fire or explosion, and is in conse- 
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quence of the power that the hydrogen flame has, to resist 
extinction in carbon-di -oxide. 

Spontaneous Combustion. — The spontaneous com- 
bustion of coal is due to chemical action between the 
coal and the oxygen of the air. Other cases of spon- 
taneous combustion occur, due to similar causes. Thus, 
heaps of oily cotton waste have been known to cause 
disastrous fires by firing spontaneously. The chemical 
action begins slowly at first, and develops a little heat; 
this heat is developed more quickly than it can be dis- 
persed, and gradually increases, until it causes smoulder- 
ing of the mass ; and finally the heat rises to a point 
necessary for the chemical action to be accompanied by 
light and further heat. This may be illustrated more 
rapidly by means of phosphorus, a very inflammable sub- 
stance. If a heap of small pieces be exposed to the air, 
fumes first come ofiF (denoting chemical action), and while 
this is going on the heat is increasing, until the temperature 
is reached at which the phosphorus melts; more active 
combustion goes on ; and finally the phosphorus bursts 
into flame and burns brilliantly. 

A similar process goes on during the stages which 
finally bring about the spontaneous combustion of coal. It 
is a very remarkable fact, and one not easy of explanation, 
that the spontaneous combustion of coal goes on better in 
darkness than in light ; other favourable causes are a warm 
and moist atmosphere. Vigorous ventilation tends to pre- 
vent the spontaneous combustion, because it cools the 
surface of the coal. It is sometimes stated that the pres- 
ence of iron pyrites (coal brasses) in the coal, helps its 
spontaneous combustion, and to some extent this is no 
doubt true ; but it must be remarked that in certain mines 
which are most troublesome in this respect there is a 
marked freedom from pyrites. 

When the heating action commences it is usually indi- 
cated by stink-damp (sulphuretted hydrogen) being formed, 
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which is readily detected by its smell. This is, of course, 
produced by the sulphur in the pyrites, owing to the 
decomposition of the latter, in presence of moisture and 
warm air. For a similar reason, stink-damp is a fore- 
runner of gob-fires, being in that case usually associated 
with the deadly white-damp (carbonic oxide). 

Spontaneous combustion is usually only troublesome 
in the case of bituminous coals. Anthracite, and steam 
coals generally, are free from this liability. 

Coal Dust and its Action. — Dr Philips Bedson, in a 
paper read before the British Association in 1893, pointed 
out that coal dust contains enclosed gases. He was 
specially led to investigate this property on account 
of observations which had been made, that the dust 
produced when screening coal at Ryhope Colliery, in county 
Durham, would often fire at the lamps used for lighting 
the screen, and thus produce a kind of explosion. It 
was found, on exposing the dusts to various temperatures 
in a vacuum, that gases were given off, varying in 
nature and amount with the temperature. At between 
80° C. and 100" C, hydro -carbon compounds came 
oflF. In further investigating the same subject, Mr 
M*Connell had found that, even after the coal had been 
heated to 180** C. the dust from it, when crushed, gave oflF 
further amounts of hydro-carbon gases. Some dusts 
examined by him yielded carbon-di-oxide, oxygen, and 
nitrogen only; others contained a small amount of com- 
bustible gas in addition ; while a third class gave ofiP gas 
similar to that found with the Ryhope seam, and contained 
some other combustible gases (hydro-carbons) besides 
methane (fire-damp, commonly called). 

No doubt the existence of these occluded or enclosed 
gases in coal dust plays an important part in determining 
its explosive action, since whereas the most explosive 
mixture of methane (fire-damp) and air is one of the former 
to ten of the latter, one volume of the hydro-carbons found 
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in this dust requires 23 volumes of air to form the most 
explosive mixture. Hence a more dilute mixture is more 
explosive. 

Many explosions have occurred in which it was practi- 
cally impossible to have had fire-damp as an explosive 
agent, and coal dust from certain seams appears to be 
almost as explosive as gunpowder. The richer the coal, 
and the freer from mineral matter (ash and dust), the 
greater the tendency to explosion. These conclusions 
were arrived at after a series of experiments made in a 
disused shaft at White Moss, Skelmersdale, by Mr Hall, 
H.M. Inspector of Mines. It was also concluded that a 
brisk ventilation has the efiFect of making these coal-dust 
explosions more probable, and more severe. Experiments 
were, at the same time, made with certain " high " explosives 
(see "Explosives"), and it was found that it was impossible 
to fire coal dust by their explosion in a dusty atmosphere, 
but with blasting powder (a "low" explosive) violent 
explosions occurred. 

Now, as explained in the next chapter, gunpowder 
and blasting powder, containing a deficient supply of 
oxygen for complete burning, always generate carbonic 
oxide, and, as pointed out by Mr Orsman, the inference is, 
that carbonic oxide is the cause of explosions of coal dust 
under these conditions. In some cases more than 30 per 
cent, of the gases produced by blasting powder, when 
exploded, consists of carbonic oxide. 

At the time of these experiments by Mr Hall in 1892, 
Mr Orsman devised an ingenious method of obtaining a 
sample of the gas immediately after the explosion. 

The composition of the gas was found to be — 

Oxygen . . . .3*9 per cent. 

Nitrogen . . . 75-9 „ 

Carbon-di-oxide . .12*1 „ 

Carbonic oxide . . 8*1 „ 

Hence it was proved that the presence of carbonic oxide, in 
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addition to its highly poisonous action, has the effect of very 
much increasing the danger of an explosion of coal dust. 

In Mr Hall's report to the Secretary of State on the 
results of experiments carried out in 1893, he states 
" that a very small quantity of coal dust in suspension in 
the air would, along with that at rest on the timbers, be 
sufficient to bring about conditions, under which a colliery 
explosion might happen, through the firing of a gunpowder 
shot ; and even without dust in suspension, enough could 
be dislodged from timbering, and other lodging places, to 
cause violent explosions. At the same time, he does not 
imply that all colliery explosions are due to dust, many 
being undoubtedly due to fire-damp, but these are never 
so destructive nor so widespread as the ones caused by 
coal dust." 

We gather from this that an explosion may occur at one 
particular point, owing to the presence of fire-damp, and the 
explosive wave so formed may ignite, in the immediate 
vicinity, a mixture of air and coal dust, and so be carried 
on indefinitely, so long as air and coal dust are present. It 
has been found that the primary explosion causes a dis- 
turbance in the air, similar to that of a sound wave, and 
this wave, travelling in front of the explosive mixture, causes 
fresh dust to come into suspension in the air ; consequently 
this explosive wave feeds itself, so to speak, from the dis- 
turbance of the atmosphere which goes on in front. 

It has also been noticed that coal dust renders an 
explosive mixture of fire-damp and air more sensitive to 
explosion, and even one per cent, of fire-damp can be 
caused to burn when fine coal dust is present. This 
would point to the necessity of having a lamp which 
will indicate the presence of such an amount of fire- 
damp, since an ordinary lamp will only recognise as 
little as 2 or 2J per cent, (see Clowes' lamp). 

And it may be pointed out here, as stated under " Ex- 
plosives," that various explosives — for example, those 
of the gunpowder and nitro - glycerine class which are 
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deficient in oxygen — are capable of producing gases 
containing a large proportion of carbonic oxide, which 
have the same effect as fire-damp in promoting ex- 
plosive mixtures with air, especially in the presence of 
small quantities of coal-dust. 



CHAPTER IX. 

EXPLOSIVES. 

Nature of Explosives. — Explosives are chemical com- 
pounds which are able to be very rapidly decomposed, upon 
the application of heat or shock. They suddenly generate, 
when thus decomposed, large volumes of gas, which at the 
same time are heated to a high degree, and are thus caused 
to expand greatly (see under Boyle's law). Most explosives 
in practical use are solid, a notable exception being nitro- 
glycerine. 

The necessary conditions for an explosive mixture are 
to have some substance, or substances, which will readily 
burn under suitable conditions, mixed with some other 
substance which will supply the necessary material for 
the burning or combustion — namely, oxygen. An explosive 
must therefore contain all the necessary ingredients for 
a rapid combustion. 

Many substances rich in carbon have been suggested 
or used as explosives, when mixed with an oxidising agent. 
For instance, charcoal, sawdust, bran, resin, starch, sugar, 
wood pulp. Coal-tar products, etc., have been used along 
with oxidising agents, such as nitrates, chlorates, picrates, 
permanganates, etc. The science of explosives has been 
developed upon these broad principles, and the result is 
that a large variety of mixtures, each suited for its own 
particular work, are available for practical use. 

Many explosives do not contain enough oxygen to 
completely burn up the substances contained in them — 
for instance, gunpowder, gun-cotton, and nitro-glycerine. 
The result is the production of carbonic oxide (white- 

86 
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damp). This is very undesirable, not only on account 
of its very poisonous action (see under Carbonic oxide), but 
also because the presence of this gas in an atmosphere 
very much increases the danger of an explosion of coal- 
dust. The reason for keeping down the supply of 
oxidising agents in the explosive, is to prevent too much 
heat being produced, and in attempting to tone down 
this temperature certain substances — such as wood-meal 
— have been added; this also causes the production of 
carbonic oxide. Nitrated oils — for example, linseed and 
castor oils treated with nitric acid — have been suggested as 
suitable for use in modifying the temperature, and reducing 
the shattering effect, produced by certain explosives. 

When ammonium nitrate is employed as an oxidising 
agent it may easily be used in excess — that is, more than 
enough to supply oxygen to the materials to be oxidised 
— because on being decomposed it absorbs heat. 

An explosive intended for use in coal or other fiery 
mines should leave no solid matter after explosion — that 
is, the products should all be in the gaseous condition ; 
and, further, these gases should be harmless, free from 
noxious properties of all kinds. It should also, in actual 
use, when properly tamped, be unable to fire an inflam- 
mable or explosive mixture of fire-damp and air, or of 
coal-dust and air. 

It is generally admitted that the use of " high " explosives 
lessens the risk of explosion in mines. The mechanical 
eflFect of the explosion is also an important point ; if it be 
too shattering, then the coal is broken up too much, which 
is an evident disadvantage ; a tearing or rending effect is 
required, so as to break down the coal in sizes most suitable 
for commercial purposes. 

Explosives may be classified thus : — 

(a) Those depending upon the use of nitro- 
glycerine, either mixed with some absorbent 
substance, or gelatinised by adding varying 
^mounts of nit;ro-cellulose. 
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(b) Those in which gun-cotton or nitro-cellulose 
is the basis. 

(c) Those in which a hydrocarbon, preferably 

nitrated, is used, along with an agent rich 
in oxygen, such as ammonium nitrate, often 
known as " Sprengel explosives." 

All " high/* explosives require a detonator to explode 
them, and the explosive effect is brought about by the 
combined action of heat and shock. " Low " explosives 
can be exploded with a fuse, without the use of a detonator. 
Some explosives require more powerful detonators than 
others. A detonator is a small metal cap, generally 
of copper, containing a substance called fulminate of 
mercury, usually mixed with a little chlorate of potassium. 
The fulminate is prepared by dissolving mercury (commonly 
called quicksilver) in nitric acid. The solution is cooled 
down and alcohol added to it, this causing fulminate of 
mercury to be produced as a powder in the liquid. The 
solid is separated by suitable means, and thoroughly 
washed to purify it, and free it especially from acid. It is 
then carefully dried and highly compressed, forming a 
material which is most sensitive as regards explosion. 
The slightest friction, or moderate heat (about 300° F.), is 
sufficient to explode it. 

Detonators can be fired with a time fuse if the condi- 
tions of the mine permit, but it must be remembered that 
in using a fuse it may give out sparks which are sufficient 
to ignite an explosive mixture of fire-damp and air. 
Further, it is obviously absurd to use a fuse which may 
bring this about, when using a safety explosive. 

Undoubtedly the best and safest means of firing a 
detonator is the use of electricity. This may be done by a 
high-tension or low-tension current. In the former case a 
small current, at a high pressure, is used, by means of 
which electric sparks are caused to leap across a gap 
between the terminals of two wires, and thus ignite the 
" priming " with which they are surrounded. This in turn 
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causes the fulminate to explode, and to fire the cart- 
ridge. The priming Is itself an explosive, depending, 
as all others do, on a substance to be oxidised (usually 
in these cases, sulphide of antimony) and an oxidising 
agent, usually potassium chlorate. Fig. 40 shows one 
form of high-tension exploder. In the case of low-tension 
firing, a comparatively large current at a low pressure is 
used, and this is made to pass through a fine platinum 
wire, which is thus raised to a red heat, owing to its 



Fig. 40.— High-tension Exploder. 

resistance to the passage of the current; this fires the 
priming and explodes the detonator. 

The composition, properties, and preparation of some 
of the most commonly used explosives may now be 
considered. 

Gunpowder, until comparatively recent years, had an 
average composition of potassium nitrate, 75 parts ; char- 
coal, 15 parts; and sulphur, 10 parts; but this composition 
is now often much modified, and varies considerably {see 
Bobhinite and Special Bull-dog). 

There are many objections to the use of gunpowder for 
mining purposes. Since it does not contain enough oxygen 
to burn the charcoal and sulphur completely, there is always 
carbonic oxide (white-damp) produced by its explosion (see 
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under Carbonic oxide for conditions under which this gas 
is produced). The composition of the gases resulting 
from an explosion of gunpowder is : — 

Carbon-di-oxide . . . 51*3 per cent. 

Carbonic oxide . . . 3*5 „ 

Marsh gas and hydrogen . . 3*5 

Nitrogen . . . . . 41*7 






Further, it produces much flame by its explosion, a 
most undesirable property in a fiery or gassy mine. As a 
compensation for these drawbacks, it has the advantage in 
a coal mine of breaking down the coal in large masses, 
owing to the comparative slowness with which it explodes. 
According to Trauzl, 2*2 lbs. of gunpowder, occupying 
a space equal to a cube of 4 in. side, develops \\ million 
foot lbs. in Y^ part of a second; the same quantity of 
dynamite, occupying a space equal to a cube of 3^ in. side, 
develops over 1\ million foot pounds in ^^xy.inTy P^^ ^^ ^ 
second. As a result of this, gunpowder fired on a stone 
slab, say, does not injure the slab, since the slow combus- 
tion enables it to spend its force in the air ; but dynamite 
explodes so quickly that it has not time to expend its force 
thus, but shatters whatever it may be in contact with. 

Gun-cotton is, chemically, a nitro- compound of 
cellulose, made by the action of nitro-sulphuric acids on 
cotton fibre. Unless very special precautions are taken in 
its manufacture, the cotton fibres retain small quantities 
of the acids used, and the material is then liable to explode 
spontaneously. Many disastrous accidents occurred before 
this was recognised. The actual oxidising agent is the 
nitric acid, the sulphuric acid being used simply to take up 
the water which is produced during the chemical reaction, 
in oxidising the cellulose. 

Gun-cotton is a compound containing too little dxygen 
for complete combustion, and therefore carbonic oxide is 
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produced by its explosion. It is necessary to use a 
detonator to bring about explosion, which is accompanied 
by much heat, causing enormous expansion of the gaseous 
products. It is never used in the mine alone as a blasting 
agent, although mixed with barium nitrate it constitutes the 
explosive Tonite (which see). 

Nitro-glycerine is made by the action of nitro-sulphuric 
acid on glycerine. It is a liquid, and in this form there are 
many objections to its use ; it is not used for blasting pur- 
poses in the mine. Nobel used a solid substance called 
kieselguhr to absorb or soak up the liquid. Kieselguhr 
is a siliceous earth found on the Continent, and is prin- 
cipally composed of the shells of minute sea animals. 
The mass formed by the mixture of this earth with 
nitro-glycerine is the well-known explosive dynamite. 

In some cases, more active substances are used instead 
of kieselguhr to mix with the nitro-glycerine, such as 
sulphur, magnesia, carbon in some form (sawdust, wood- 
pulp, etc.), also nitrates and chlorates. Such mixtures 
constitute very powerful explosives, known under a variety 
of names ( Rack-a-rock, Hellhoffite, etc.) which are prin- 
cipally used for blasting or shattering purposes. 

Gelig'nite consists of a mixture of nitro-glycerine, 
nitro-cellulose, wood-meal, and nitre. 

Tonite has for its basis gun-cotton, with which is 
mixed nitrate of barium, the use of the latter being to 
supply oxygen to the mixture, since the gun-cotton itself 
does not contain sufficient for complete combustion. 

Roburite contains 86 to 89 per cent, of ammonium 
nitrate, mixed with 9 to 13 per cent, of di-nitro-benzol, and 
small amounts of chloro-naphthalene (see List of Permitted 
Explosives, pp. 94-96). 

The gases produced by its explosion consist of 32 per 
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cent, carbon-dioxide, and 68 per cent, nitrogen, and are 
therefore free from the objectionable and highly dangerous 
carbonic oxide. 

Ammonite consists of 87^ per cent, ammonium nitrate 
and 12J per cent, di-nitro-naphthalene, another organic 
coal-tar product. 

The gaseous products of the explosion of this compound 
are free from carbonic oxide, and consist of carbon-di- 
oxide and nitrogen. 

Bellite is yet another admixture containing ammonium 
nitrate, and an organic body — di-nitro-benzol. Its gases 
are free from carbonic oxide, and are entirely carbon-di- 
oxide and nitrogen. 

In Westphalite the substance to be oxidised is resin, 
present to the extent of about 5 per cent., mixed with 95 
per cent, ammonium nitrate. The gaseous products are 
the same as from the three last-named explosives. 

The use of ammonium nitrate is one of the compara- 
tively recent developments in the manufacture of explo- 
sives. It is especially useful in several ways. There is 
no solid residue left after heating or exploding; when 
decomposed it does not give out heat, but absorbs it, 
and therefore sufficient can be used in a mixture to com- 
pletely burn up or oxidise the materials used, without 
producing an excessive amount of heat in doing so. This 
is the reason why no carbonic oxide is produced, by an 
explosion of those compounds containing this nitrate. 
Again, the ammonium nitrate explosives are not so quick 
in their action as the nitro-glycerine compounds are, and 
are therefore more suited for breaking down coal. 

The principle upon which the manufacture of smokeless 
powders is based is to have a substance, such as nitro- 
cellulose, which leaves no ash when burnt (that is, its 
products are entirely gaseous), and a nitrate, such as 
ammonium, which also leaves no solid residue. Hence 
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such substances can have nothing but gaseous products 
when exploded, and these gases, containing no solid matter 
in suspension, are invisible. 

Lime Cartridges. — In very fiery or gassy mines these 
are sometimes used. They consist of quicklime (that is, 
freshly burnt lime) compressed into cartridge form ; they are 
usually about 5 in. x 2\ in., and have to be kept in air-tight 
cases (as the limes used for oxy-hydrogen lighting have); 
otherwise the moisture and carbon-di-oxide which are 
absorbed from the air rapidly spoil them for their purpose. 
Their action depends upon the " hydration " of the quick- 
lime — ^that is, its combination with water. The oxide of 
lime becomes converted into hydrate of lime, and in doing 
so expands with great force, and breaks down the coal. 
No explosive effect or flame is produced. Objection is 
sometimes made to the appearance of the coal brought 
down by these means, but its quality is not affected at all. 
Though absolutely safe, the use of lime is nothing like so 
extensive as that of the " safety " explosives. 

One of the suggested uses to which liquid air could be 
put, is as an explosive agent. In combination with car- 
bonaceous substances it forms an explosive mixture. 
An objection to its use would be that the cartridge 
would have to be fired in a short time after removal from 
the liquid air. It has been used, but so far results have 
not been very encouraging. 

As we have already seen under "Water," when a 
current of electricity is passed through water, the latter 
is decomposed into the gases oxygen and hydrogen ; these 
are spoken of as electrolytic gases, and have been used 
as an explosive agent on the Continent. The force 
generated when these mixed gases are exploded is very 
considerable, but they have the disadvantage, in some 
cases, of causing the " firing " of a gassy or explosive 
atmosphere. The actual cost of the gases is not great. 
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Permitted Explosives. — The following is a list of 
some of the explosives officially sanctioned for use in coal 
mines, which will serve to illustrate the different types : — 

Ammonite — 



Nitrate of Ammonium 
Di-nitro-naphthalene . 
Moisture 

Amvis — 

Nitrate of Ammonium 
• Wood-meal 
Moisture 

Di-nitro-benzol ^ 

Chlorinated Naphthalene/ 

Carhonite — 
Nitro-glycerine 
Nitrate of Barium i 
Nitrate of Potassium/ 
Wood-meal 
Sulphuretted Benzol . 
Carbonate of Sodium ^ 
Carbonate of Calcium/ 

Dragonite — 
Nitro-glycerine 
Nitro-cotton 
Nitrate of Potassium 
Vaseline 

Wood-mean 
Charcoal / 

Nobel Ardeer Powder — 
Nitro-glycerine 
Kieselguhr 

Sulphate of Magnesium 
Nitrate of Potassium . 
Carbonate of Ammonium 
Carbonate of Calcium . 



87 to 89 per cent. 
11 ,, 13 
•5 



»» 



99 



>» 



88 to 91 per cent. 
4 „ 6 
•5 



>> 



»> 



»» 



»» 



>> 



31 to 34 per cent. 
11 „ 14 



47 „ 51 
4 „ 6 



»> 



»» 



■5 
•5 



25 to 27 per cent. 


. 30 „ 36 


»j 


. 39 „ 42 


)j 


. - „ -5 


»» 


. - „ -5 


»» 


34 to 37 per cent. 


2 „ 3 


»> 


. 43 „ 46 


f> 


5 „ 6 


»> 


. 11 „ 13-5 


>» 
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Bobbinite — 

Potassium Nitrate 
Charcoal 
Sulphur 

Sulphate of Ammonium 
Sulphate of Copper 
Moisture 

The sulphate of ammonium not to exceed 1 1 per cent., 
by weight, of the finished explosive. 



") 



62 to 65 per 


cent. 


17 '„ 


19-5 


»t 


1-5 „ 


2-5 


9t 


13 „ 


17 


9t 


9* 


2-5 


It 



38 to 40 per cent. 

1 „ 1-5 
26 to 28 



»» 



Coronite or Permitite — 
Nitro-glycerine 
Nitro-cotton 
Nitrate of Ammonium 
Nitrate of Potassium . 
Stearate of Aluminium 
Rye-flour 
Wood-meal 
Liquid Hydrocarbon of Paraffin 

series 
Moisture 

The hydrocarbon is to have a flash-point of not less 
than 200'' F. 

The stearate of aluminium is to be free from mineral acid. 



11 ,, 14 
8 „ 11 
2 



) 



»> 



>9 



9» 



4 

4 
2-5 



»» 



»> 



>» 



)» 



>» 



>» 



>> 



Westphalite — 




Nitrate of Ammonium 


94 to 96 per cent. 


Resin . . . . 


4 „ 6 


Moisture 


>» ^ » 


Negro Powder — 




Nitrate of Ammonium 


86 to 90 per cent. 


Tri-nitro-toluoi 


9 „ 11-0 „ 


Graphite 


1 » 3 „ 


Colouring matter 


•1 


Moisture 


— „ 1-0 „ 


Roburite No. 3 — 




Nitrate of Ammonium 


86 to 89 per cent. 
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Di-nitro-benzol . . 9 „ 13 per cent. 

Chloro-naphthalene . . — „ 2 „ 

Moisture . . . — >» '5 „ 

The chloro-naphthalene to contain not more than one 
part of chlorine. 

Special Bull-dog — 

Nitrate of Potassium . . 84 to 86 per cent. 

Carbonate of Magnesium . 2*5 „ 3*5 „ 

Charcoal . . . 12 „ 13 „ 

Moisture . . . — », 2 „ 

Ammonal — 

Nitrate of Ammonium 94 to 96 per cent. 

Metallic Aluminium . 2*5 „ 3*5 „ 

Charcoal . . . 2 „ 3 „ 

Moisture . . — „ 1 „ 

Apparatus for use in Atmospheres which will 

not support Life. — The necessity of having to go into 
the workings of a mine, after an explosion of fire-damp, 
to render aid to those who have suffered from the direct 
effects of the explosion, or have been overcome by the 
gases resulting from it, has led to the device of appliances 
called pneumatophores, by using which a person is able 
to exist in any atmosphere of noxious gases, for a reasonable 
time. These consist, in principle, of a kind of mask or head- 
dress similar to that which a diver uses. By means of tubes 
and valves suitably arranged, the wearer is able to supply 
himself with oxygen, which he carries in a compressed 
form in a strong steel, or copper, cylinder. At the same 
time the carbon-di-oxide which he is continually breathing 
out, is being absorbed by caustic potash, in the form of 
sticks or rods, and contained in a bag connected with the 
mask. The rods of potash form a large absorbing surface, 
and take up the carbon-di-oxide almost as quickly as it is 
breathed out. The nitrogen in the original air remains 
constant and unaltered throughout, and serves its usual 
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purpose of diluting the oxygen, supplied from the gas 
cylinder. 

In an Austrian colliery much subject to gob fires, eighty 
sets of apparatus of this kind were in constant use. 

The oxygen gas contained in the cylinders is under a 
pressure of one hundred atmospheres. It is necessary to 
use the apparatus with caution, and only experienced men 
should make use of them, otherwise they may prove veritable 
death traps. Their limitations should be known, and the 
wearer should always leave himself an ample supply of 
oxygen for his return journey from any exploring. It is 
in fact advisable that two oxygen cylinders be used, one 
for the outward journey, and the other for the return. 
It has been suggested, too, that compressed air be used 
instead of oxygen, and that it be discharged from the 
apparatus instead of breathing it over and over again. 

A weak point in connection with the use of compressed 
oxygen is that it often contains nitrogen, in which case the 
latter gradually accumulates, and may cause the wearer to 
be overcome before he is aware of the danger. 

Pneumatophores are very useful appliances, but it 
should be realised that they have their dangers. 



CHAPTER X. 

COMPOSITION OF VARIOUS COALS 

AND FUELS. 

Nature of Coal. — All the different kinds of coal have 
been produced by the decomposition of vegetable matter 
which grew and flourished in remote ages. The chemical 
changes have occupied very long periods, and have been 
complex, the final products of these changes being coal 
in its various forms, water, marsh gas (fire-damp), and 
carbon-di-oxide. These pent-up gases are continually 
being met with in the coal measures and adjoining strata. 

All coals contain varying quantities of the following 
substances : moisture, ash or mineral matter, sulphur, 
carbon, hydrogen, oxygen, and nitrogen — some of these 
being valuable constituents, others the opposite. To form 
an estimate of the value of a particular sample of coal, it 
is necessary to know the proportions of moisture, ash, 
sulphur, volatile hydrocarbons, fixed carbon, its calorific 
value (or heating power), and also its specific gravity — that 
is, its weight compared with water, bulk for bulk — from 
which an estimate may be formed of the space which a 
certain weight of coal will occupy. The determination 
of these constituents is described later. 

What is called an ultimate or elementary analysis of 
coal would include carbon (total), hydrogen, oxygen, 
nitrogen, sulphur, ash, and moisture. Though the know- 
ledge of total carbon is for some purposes useful, most 
generally a knowledge of the amounts of fixed carbon and 
volatile hydrocarbons is more important, because one coal 
may contain a greater proportion of carbon than another, 

and still yield less coke. 

98 
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It is now proposed to describe the distinguishing pro- 
perties of different kinds of coals. 

Anthracite contains from 90 to 95 per cent, of total 
carbon, which is a greater amount than in any other kind 
of coal. It is probably bituminous coal which has been 
considerably altered by the action of heat and pressure. 
A seam containing anthracite may merge into one of 
bituminous coal at some point, just as cannel and bituminous 
coals are known to exist in the same seam. It does not 
soil the fingers like ordinary coal does, and gives out very 
little flame or smoke on burning. On heating, it decrepi- 
tates or crackles. Anthracite is hard and dense, breaking 
with a hollow, shell-like fracture. Its chief use is as a 
steam coal, though it is also used as a source of carbon, in 
re-carburising steel during its manufacture. 

Anthracite coal is not so dangerous to work in the 
mine as bituminous coal, since the physical condition of 
the former does not allow pent-up gases to escape as freely 
as they do from the latter class. 

Analyses of anthracite coal follow : — 







I. 


2. 


Carbon 


. 89-96 per cent 


88^72 per cent. 


Hydrogen 


. 3-10 




3-41 


Oxygen 


. 1^63 




2^54 


Nitrogen . 


•27 




•39 „ 


Sulphur . 


. 1-06 




•87 


Ash . 


. 1-96 




1^56 


Moisture . 


. 2-00 




2^50 „ 


As a rule. 


anthracites contain from — 




88 to 95 per cent. 


Carbon 




2 to 4^0 




Hydrogen 




1-5 to 3^0 




Oxygen 




•25 to -75 




Nitrogen 




•5 to 1^5 




Sulphur 




1 to3 




Ash 
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An analysis of anthracite also gave the following 
results — 

Fixed carbon . . 84*60 per cent. 

Volatile hydrocarbons . 12'40 

Sulphur .... '95 

Ash 2-00 



»> 
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Cannel has a dull black appearance, not so bright as 
anthracite or bituminous coals. Its chief use is in gas 
manufacture, because of its richness in hydrogen. Cannel 
contains from 40 to 50 per cent, of volatile hydrocarbons, 
and one ton of Wigan cannel produces about 10,850 cubic 
feet of gas, other cannels ranging from 9000 to 15,000 cubic 
feet ; the lighting power of the gas varies from 20 to 40 
candle power. It is remarkable that the analysis of many 
cannels gives a similar composition to that of other coals ; 
the difference appears to be largely a physical one, probably 
due to the combined action of heat and pressure. 

Analyses of cannel gave the following results : — 

I. 2. 

Ash .... 2*30 per cent. 1'60 per cent. 

Sulphur . . .1-30 „ -58 

Volatile hydrocarbons 40'56 „ 48*85 

Fixed carbon . . 56-50 „ 49-25 



9> 
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An ultimate 


analysis 


of 


cannel would 


average 


as 


follows : — 












Carbon . 


. 




80-0 per cent. 




Hydrogen 








5-5 






Oxygen . 








8-0 






Nitrogen 








2-0 






Sulphur . 








. -75 to 1-5 






Ash . 








. 2 „ 4 







The ash in some cannels is very high, reaching as much 
as 20 to 25 per cent. The coke resulting from cannel is 
usually much inferior to that from a " caking " coal. 
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The Bituminous or Flaming Coals are divided into 

a caking and non-caking class. A caking coal is one, as the 
name implies, the particles of which tend to soften and 
fuse together into one mass on heating. As a rule non- 
caking coals, or such as do not alter their shape on heating, 
contain more carbon and hydrogen than the caking varieties. 
A caking coal produces much better coke than a non- 
caking, or than those which burn freely. 

Certain coals seem to combine some of the properties 
of both caking and non-caking fuels, and the kind of coke 
left by them varies considerably in physical properties, 
such as density, compactness and friability. Non-caking 
coals are sometimes called " splint " coals ; they splinter up 
on heating, and do not conglomerate or mass together. 
The caking appears to be a physical peculiarity of the coal, 
since with coals having almost the same chemical com- 
position, some will cake and others will not. 

For steam and house coals, the desirable qualities are 
the production of as much heat as possible with little 
residue of ash. Steam coals are such as are mostly used 
for the generation of steam, and generally burn freely, with 
comparatively little smoke ; a good house coal should be 
readily set alight, and be fairly free from ash. In both 
kinds of coal, sulphur compounds should not be high, and 
the smoke produced by their combustion should not be 
too great. 

With regard to the latter point — smoke production — 
this is to a great extent controllable by the consumer, 
especially in steam-raising. As a general rule, the higher 
the amount of volatile hydrocarbons, the greater the 
tendency to produce smoke, if the conditions of firing 
are the same. The anthracites, for instance, burn with 
practically no smoke, and have a correspondingly low 
volatile matter. But with coals, generally speaking, every- 
thing depends upon the firing. Careless firing, with a coal 
of low volatile matter, will produce more smoke than a 
high volatile coal more carefully and economically stoked. 
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As previously pointed out, dense black smoke is usually 
accompanied by carbonic oxide, which means a loss of 
heat- production. Black smoke also causes a deposit of 
carbon or soot on the boiler, and on the tubes. This 
carbon is a very bad conductor of heat, and therefore 
prevents a free passage of heat through it to the surface 
to be heated. 

The following ftgures represent average analyses of 



Specific gravity 

Ash . 

Sulphur . 

Volatile hydrocarbons 

Fixed carbon . 

Calorific value 

No. of lbs. of water evaporated 

by I lb. of fuel . 
Total or ultimate carbon 



1-28 to 1-35 per cent. 

2-0 „ 6-0 

■50 „ 2-5 
320 „ 40-0 

50 „ 65 
7000 „ 8000 heat units. 



77 „ 90 per c 



Coke is made by carbonising coal in suitable ovens, in 
which it is heated out of contact with air, or with the 
admission of as little air as possible. The old type of 
" beehive " oven is being displaced by more modern forms, 
such as the Semet-Solvay, Otto-Hofman, Simon-Carv^, 
Copp^e, etc., in which the coal is carbonised in chambers, 
by hot gases which circulate outside them. The gases 
thus used are produced from the coal itself. The products 
given off when the coal is heated are drawn through 
scrubbers and condensers, and the tar, light oils, and 
ammonia compounds thus separated; after which the 
gases, deprived of these valuable by-products, are led 
,^back to the ovens and distribute 
^he coking chamber, where thi 
hekied air. The gas is rich in 
and Ii9s a high calorific value, 
their heating effect in the flues, 
1 geil^ration, before being 




co.vpcsrr::s ■: 
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of silvery appearance, largely composed of carbon, and 
practically free from ash. 

All the mineral matter present in the original coal 
remains in the coke. Its proportion is of course increased, 
since volatile matters have been driven oif during the 
coking. For instance, if a coal contains 5 per cent, of 
ash, and gives off on coking, 50 per cent, of volatile matter, 
it is evident that the amount of ash in the coke will be 10 
per cent., or double that in the original coal. 

The sulphur of the coal is not all retained by the coke, 
some passing off in a volatile form on heating, and being 
included with the volatile hydrocarbons. There is no 
fixed rule as to how much is retained by the coke, as 
this varies with the kind of coal used. The only means 
is to test the coal for sulphur, and to test also the coke 
resulting from it. The sulphur driven ofF in coking is 
mainly the organic sulphur, together with some derived 
from the pyrites in the coal. 

The phosphorus in coke is rarely present in very 
appreciable quantity — from traces to '02 per cent. — though 
in some districts the coal may yield a coke containing '10 
to '15 per cent. Such an amount would be a very serious 
objection to the use of the coke as a metallurgical fuel, 
especially in iron smelting. 

Coke always retains small amounts of hydrogen, 
nitrogen, and oxygen, so that all the nitrogen present 
in the coal is not obtained in recovery processes for 
conversion into ammonia sulphate or chloride. The 
amount found in the coke ranges from about '3 to 
I'O per cent. 

An analysis of an average quality of coke is as 
follows : — 

Ash 6 to 12 per cent. 

Sulphur . . . . 1 „ 2*5 
Volatile matter . . .nil „ 2*0 



9» 



Peat is an accumulation of partially decomposed 
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vegetable matter, a damp, marshy ground and moderate 
temperature being favourable conditions for its pro- 
duction. In its ordinary condition it retains a large 
amount of moisture (at least 20 to 25 per cent.), but its 
general composition varies with its age, an older forma- 
tion containing more carbon than a more recent one 
does. Peat also contains a large amount of ash or 
mineral matter, in which are found phosphates and 
sulphur compounds, so that it cannot be used in the 
manufacture of high grade iron, even if the objection- 
able moisture be not considered, and if the physical 
condition of the peat itself be altered so as to make 
it less friable and tender. 

Lignite is a kind of intermediate product between 
peat and bituminous coal. It is darker in colour 
than peat, and is richer in carbon ; it retains much 
moisture, and is worked more on the Continent than 
in the British Isles. In the change from vegetable 
matter to bituminous coal, the carbon gradually in- 
creases from about 50 per cent, in wood to 75 to 
85 per cent, in bituminous coals, and 95 per cent, in 
anthracite. 

Wood. — The chief constituent of wood is a substance 
named cellulose^ which consists of carbon, hydrogen, and 
oxygen. The amount of mineral matter or ash it contains 
varies with the kind of wood, but is rarely more than 3 
or 4 per cent., often as low as 1 per cent. It retains 
a good amount of moisture, but is not so objectionable in 
this respect as peat is, being also more readily dried. 

The carbon it contains is best utilised in the form of 
charcoal, which is made by heating the wood either out of 
contact with air, or with admission of as little air as possible. 
It is very useful in metallurgical operations, where a pure 
fuel is desirable, and where substances like sulphur and 
phosphorus would completely spoil the product. 
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Liquid Fuels have an advantage over coal in districts 
where oil is plentiful. The oils are all hydrocarbon com- 
pounds, and most of them, petroleum oils in particular, 
have a greater heating effect than anthracite. 

They burn when supplied with oxygen, forming carbon- 
di-oxide and water. They have the very great advantage 
of being practically free from ash, and contain very little 
sulphur (almost nil), though in some cases this may be as 
high as 4 or 5 per cent., and, moreover, being usually sprayed 
into the combustion chamber, a very complete combustion 
is possible. Very little, if any, of the oil escapes burning, 
and consequently the greatest possible heat efficiency is 
obtained. 

Undesirable Elements in Coal and other Fuels. — 

There are certain elements and compounds the presence of 
which affects the value of coal for many purposes. 

If oxygen be present in a fuel, the heating effecf of 
the latter is lowered, since, being combined with the carbon 
and hydrogen, these substances do not give out their full 
amount of heat. Had they not been already combined 
with oxygen they would have been at liberty to unite with 
the oxygen of the air and thus produce heat. 

Some coals are practically free from oxygen, others 
contain 10 per cent, or more. 

Ash, if present in appreciable quantity, is very objec- 
tionable in a coal, because it tends to form " clinker," a 
fusible compound, produced either by the ash itself, or by 
the combination of the substances composing the ash, 
with oxide of iron from the firebars. This clinker pre- 
vents free passage of air through the fuel, and tends to 
the production of carbonic oxide, and therefore loss of 
heat. It is evident, too, that the higher the amount of ash, 
the lower the calorific or heating value of the coal. 

Sulphur and Phosphorus are both objectionable. 
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especially if the fuel is to be used for metallurgical work, 
since practically all the phosphorus and a large proportion 
of the sulphur go into the resulting metal and contaminate 
it. Sulphur is further objectionable, because it forms 
corrosive gases, and tends to become converted into sul- 
phuric acid. The escaping gases from a sulphury fuel, also, 
contaminate the atmosphere and act injuriously on animal 
and plant life in the neighbourhood. 

Sulphur exists in three different conditions in coal : — 

(1) The most common form is as iron pyrites (chemi- 
cally bisulphide of iron FeSg), commonly called "coal 
brasses," and is, as the name implies, the " brassy " look- 
ing mineral often seen in coal. 

(2) As sulphate of lime, the common name for which is 
" gypsum," also sometimes as sulphate of alumina. 

(3) As an organic compound with carbon and hydrogen. 
Of these forms, the sulphur existing as sulphate of lime 

is the least objectionable. It is " fixed " by the lime, so 
to speak, and does not produce any noxious or corrosive 
gases on firing. 

The iron pyrites is objectionable, not only because of 
the corrosive and noxious gases it produces, but because 
the remaining iron (in the form of oxide) fuses with the 
silica of the coal ash and increases the amount of clinker 
and helps to make it more readily fusible. Devices for 
getting rid of this objectionable element form the basis of 
many patents. The most successful methods depend upon 
washing the coal and separating the shaley and pyritic 
portions by means of their specific gravity. 

The sulphur, which is in organic combination, is mostly 
converted into bisulphide of carbon through coming in 
contact with heated carbon during combustion. This 
refers principally to processes of coking and of gas manu- 
facture where destructive distillation is going on, with 
little or no air present. 

Nitrogen in Coal. — The element nitrogen cannot 
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be classed as an undesirable one in coal. The amount 
varies from '25 to 3*0 per cent, as a rule. It is probably 
due to animal remains from the periods at which the coal 
measures were in process of formation, and also some of 
it is derived from the atmosphere existing at the time. 
When the coal is heated, this nitrogen combines with some 
of the hydrogen of the fuel and forms ammonia (chemical 
formula NH3). It will be readily seen that in making 
coke from coal, considerable quantities of this compound, 
ammonia, must be produced. 

Of late years, the recovery of this important compound 
(formerly allowed to escape and waste) has become a very 
important problem in the economy of a coking plant, and 
very few modern works can afford to neglect the recovery 
of this and other by-products, such as tar and various 
oils. The ammonia is first given from the coal, on burning, 
as a gas. This is converted into a solid by passing it 
through a solution of sulphuric acid or hydrochloric acid, 
whereby sulphate or chloride of ammonia is produced in 
a marketable form. These compounds are then used for 
the manufacture of ammonia salts, and also largely for 
manurial purposes, the nitrogen which they contain 
forming a valuable plant food. 

Briquettes. — The manufacture of briquettes is a 
useful process, especially in working coal seams of inferior 
quality, where the waste may sometimes amount to 20 per 
cent., and also for converting into a workable form small 
coal of all kinds which is unavoidably produced in the 
mining and subsequent handling of coal. 

In briquette form such coals are much improved, both 
for use and storage and also for transport. The space 
occupied by them is about one-half that required for coal 
of the same weight. 

Some kind of binding material has to be used along 
with the fine coal. The most generally successful agent has 
been coal-tar, or pitch, or both. The subject forms the 
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basis of many patents, and all manner of binding materials 
have been suggested, such as glucose, waste glue products, 
starchy compounds, molasses, silicate of soda, oily 
materials, waste oil, crude linseed oil, sea-weed extracts, 
and gelatinous substances of all kinds. Resin is often 
successfully used alone or with other binding material. 

It is preferable that the binding material used should, 
if possible, help or increase the burning qualities of the 
briquette, and should itself be as free from ash as possible. 
Magnesia cement is said to make a very strong briquette, 
but it has the disadvantage of increasing the amount of 
ash, though this increase need not be more than about 3 
per cent. 

Briquettes can be used as fuel for locomotives as well 
as for domestic purposes. 



CHAPTER XI. 
METHODS OF ANALYSIS OF COAL. 

Specific Gravity. — By the specific gravity of a solid 
is meant its weight compared with an equal volume of 
water at a standard temperature. 

The specific gravity of coal may be determined by first 
weighing a piece in air on a chemical balance, and then in 
water, suspending it in the latter by means of a looped 
horse hair. 

The coal loses weight when immersed in the water, and 
Weight in air 
Loss of weight in water "" P 8 'y* 

Unless great care be taken, the piece of coal used may 
be unduly contaminated with shale or pyrites, which would 
give too high a specific gravity, and several determinations 
on different pieces should be made, taking the mean or 
average result. 

In cases where a large representative sample is taken, 
it is better to make the determination on the powdered 
sample, another method being, of course, necessary then. 
This is done in a specific gravity bottle^ which is a small 
glass flask holding a known weight of water at a constant 
temperature (60° P.). A weighed portion of the powdered 
coal is placed in the flask, and water (at 60** F.) added 
until the flask is full, allowing a little time for the coal to 
become thoroughly wet and free from air bubbles. The 
stopper of the flask is then inserted, and any excess of 
water is forced through a fine hole specially made in the 
centre of the stopper, the flask carefully dried outside and 
weighed. 

XIO 



ANAL YSIS OF COAL, 1 1 1 

The coal has displaced its own volume of water, and 
therefore 

Weight of coal taken 

Weight taken + weight flask and water = specific gravity. 
- flask, water, and sample. 
The specific gravity of coals ranges from ahout 1*2 to 
1*4; and since 1 cubic foot of water weighs 62*5 lbs., the 
weight of a cubic foot of coal will range from 62*5 x 1*2 to 
62-5 X 1-4 in lbs. 

A bunker for storing coal measures 12 feet long, 10 
feet wide, 8 feet high. The specific gravity of the coal to 
be stored in it is 1*25. How much will the bunker 
hold? 

1 cubic foot water weighs 62*5 lbs. 
. • . 1 cubic foot of this coal weighs 62'5 x 1*25 = 78' 1 lbs. 
Cubic capacity of bunker =12x10x8 = 960 cubic feet. 
But if 1 cubic foot coal weighs 78*1 lbs., 

960 cubic feet coal weigh 78-1 x 960 = 74,976 lbs. 
74,976 ^ 33-47 tons 

2,240 (lbs. in ton) (practically 33J tons). 

The Moisture in Coal is estimated by taking a 
weighed quantity in a copper dish, and exposing it to a 
temperature not exceeding 100° C. or 212* F. in a water 
bath, which is a small oven surrounded by a water jacket. 
The water is kept boiling -by suitable means, and the 
temperature is constant and never exceeds the boiling 
point. The coal should be thus dried for eight or ten 
hours, depending on the amount taken, and also as to 
whether the sample is unusually wet or not. 

It is advisable not to have the coal finely powdered for 
this test ; the coarse sample should be used, otherwise 
there is a possibility of driving off volatile hydrocarbons as 
well. A too prolonged heating is undesirable, as the 
pyrites tends to oxidise, both effects giving too high 
a result for moisture. The loss in weight can be easily 
calculated into percentage. The safest method is to 
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expose a weighed portion of the coal under a glass 
bell jar in which sulphuric acid^is placed, in a tray, for 
twenty - four hours. The loss in weight represents 
moisture. 



The Determination of Ash is made by taking a 
weighed quantity, usually 1 or 2 grammes, and placing on 
a fiat porcelain lid. (Platinum should not be used, as the 
carbon acts upon it in time, and causes it to crack and 
become brittle.) Heat gently at first over Bunsen fiame or 
at a safe distance in front of the muffle furnace, and gradu- 
ally increase the temperature until the sample can be 
safely placed inside the muffle at the front. Allow a 
plentiful supply of air, and finally place in a hotter part of 
the furnace for a few minutes. When all the carbonaceous 
matter has burnt away, take the dish out of the furnace, 
allow to cool, and weigh the ash. The percentage may be 
readily obtained thus — 

2 grammes of coal left a residue of ash weighing '104 
grammes : therefore 100 grammes would leave 

•104 k 100 .o 

= 5*2 per cent. 

The colour of the ash varies from white to reddish 
brown, and often affords a valuable indication as to the 
contents of sulphur in the coal. A reddish-brown ash owes 
its colour to iron oxide, which denotes that iron sulphide or 
pyrites was present in the coal before burning ; the sulphur 
has combined with oxygen of the air and gone off as a gas, 
but leaves the tell-tale iron oxide behind. A white ash, as 
a rule, denotes comparative freedom from sulphur in the 
coal from which it has been produced. 

Chemical Composition of the Ash.— This varies 

with the kind of coal, and also with the district in which it 
is found ; but all ashes contain silica, alumina, iron oxide, 
lime, magnesia, sulphuric acid (in the form of sulphate)^ 



>> 
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phosphoric acid (in the form of phosphate), potash and 
soda. The amounts usually vary as follows : — 

Silica . . . . 30 to 60 per cent. 

Alumina and Oxide of Iron 35 „ 55 „ 

Lime . . . . . 5 „ 10 

Magnesia .... traces „ 2 
Sulphuric Acid . . . 3 „ 8 

Phosphoric Acid . . '5 „ 1*5 „ 
Potash and Soda . . 2 „ 4 „ 

The Volatile Hydrocarbons are those compounds 
which are driven off at a full red heat 
when the fuel is heated out of contact 
with air. 

A weighed quantity of fuel being 
taken (1 gramme coal, 2 to 5 grammes 
coke), in a weighed porcelain or plati- 
num crucible, the cover of the latter 
is put on and the whole placed inside 
a larger crucible, and covered with 
coarsely powdered coke and the cover _ -, ' ' ' ' . 

•^ '^ Fig. 41. — Estimation of 

of the larger crucible, then put on over volatile matter. 
all (see Fig. 41). The fuel (if coal) is 
heated over a straight Bunsen flame, as long as any smoke 
is seen issuing from the crucible. It is then transferred 
quickly to a gas muffle at a red heat and the door closed to 
exclude air, and the heating continued from two to three 
minutes. Remove from muffle, cool under a bell jar (des- 
sicator), and weigh loss of weight of inner crucible and 
contents. This loss represents the volatile matter, and 
the residue in the crucible is the coke produced. The 
appearance of the latter should be carefully noticed, as to 
whether it has coked well, or is hard or soft, etc. 

The calculation is simple, e.g. : 

1 gramme of coal, loses, on being thus treated '387 
grammes = 38*7 per cent, volatile and 1*00 -'378 = '613 « 
61*3 per cent, coke produced. 

H 
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The volatile matter in*a cpke is estimated in the same 
way, but is, of course, much lower, varying from nil to 2*0 
per cent. 

The Estimation of Sulphur in coal or coke, for 
practical purposes, usually includes that from all three of 
the sources mentioned before — that is to say, the total 
sulphur. 

There are several good reliable methods available for 
its estimation, but they require considerably more skill 
and care and knowledge of chemical action, than do 
those used for ash, moisture, or volatile determinations. 
Two methods, of different types, will now be described. 

The principle in both depends upon converting the 
sulphur into a definite chemical compound (barium 
sulphate), the exact composition of which is known. It 
contains 13'73 per cent, of sulphur. 

Method 1 . — A weighed quantity of the coal or coke is 
intimately mixed with sodium carbonate and nitre (1 gramme 
coal + 3'5 grammes soda + 9*0 grammes nitre) and heated 
gently in a platinum crucible until fusion and chemical 
action begin. (Common salt is sometimes used instead of 
carbonate of soda.) The heating is continued until the 
mass becomes quiescent, and when cool the result is 
dissolved out in distilled water and transferred to a glass 
vessel (called a beaker.) Hydrochloric acid is then added 
until no further effervescence takes place and the solution 
is then boiled and filtered. All the coal or coke ought to 
have been oxidised. If any quantity remains on the paper, 
this should be washed and weighed, and its amount 
deducted from the original weight of fuel ; or, better still, 
it should be fused with a little more fusion mixture and the 
result added to the first main portion. 

The clear filtered solution is then boiled and barium 
chloride solution added to it. This reacts with the sulphate 
in solution (into which form all the sulphur has been con- 
verted), and a white substance (called 2l precipitate) appears 
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in the liquid, consisting of the above-mentioned barium 
sulphate. Thus — 

Barium chloride + Sodium sulphate = 
Barium sulphate + Sodium chloride. 

A case of mutual interchange. 

It remains then to allow this precipitate to settle out, 
to filter it off through filtering paper (Swedish quality is 
necessary), wash away all soluble matter by means of a 
wash-bottle^ first using dilute acid and finally hot water 
alone, leaving the pure barium sulphate on the filter. The 
latter is burnt off in a platinum dish, and weighed (allowing 
from 1 to 2 milligrammes for the ash of the paper). 

Then e,g. — If the barium sulphate produced from 
1 gramme of the fuel weighs '123 grammes, and the 
barium sulphate is known, beyond doubt, to contain 13*73 
per cent, sulphur. 

Therefore 13*73 per cent, of '123 is the amount of 
sulphur in 1 gramme of fuel. 

.-. 13*73 X -123 = 1*68 is the percentage. 

Method 2. — This consists in heating the fuel in contact 
with magnesia and carbonate of soda or with lime, in an 
open dish, whereby the whole of the sulphur becomes sul- 
phate of magnesia, soda or lime, as the case may be. The 
mass is transferred, after heating long enough to thoroughly 
decompose the fuel, to a beaker, dissolved in water and a 
slight excess of hydrochloric acid, with a few drops of 
bromine, filtered if necessary, any coal not acted upon being 
weighed, or reheated with lime or magnesia, the filtrate 
boiled and barium chloride added to it as before. The 
final operations being exactly the same as in method 1. 

Method 2 is in very general use, and is to be preferred 
to the other for general purposes. In both methods the 
materials used must be themselves free from sulphur 
compounds, or these will cause too high a result. A 
blank test should be made, that is, by using all the 
materials except the coal or coke, and precipitating the 
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solution thus obtained with barium chloride and deduct- 
ing the weight of any precipitate thus found from the other 
result. 

The Calorific Value or Heating Power of Coal is 

determined by means of an apparatus known as a 
calorimeter J of which there are several modifications. 

The principle of them all depends on either (1) burning 
the coal by oxidising chemical reagents, such as nitrates 
and chlorates, substances rich in oxygen ; or (2) by burn- 
ing the fuel in an atmosphere of oxygen gas. In both cases 
the heat produced is measured by delicate thermometers. 




2000 cc 
$0*F 
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Fig. 42. — Calorimeter (showing details and calorimeter in action). 

In the first-named method a weighed portion of the 
fuel is taken and intimately mixed with potassium nitrate 
and chlorate. The mixture is placed in a small copper 
crucible or tube closed at one end, and a piece of fuse 
inserted (lamp wick soaked in nitre solution, and dried). 

The whole is then fixed on a special piece of apparatus 
which can be immersed in a measured quantity of water, 
without the water coming in actual contact with the 
contents of the crucible. The exact temperature of the 
water being taken by means of an accurate thermometer, 
the fuse is lit and the apparatus quickly immersed in the 
water. When the fuse gets down to the mixture of coal 
and oxidising agents, vigorous chemical action takes place, 
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due to the burning up of the coal by the oxygen of the 
nitrate and chlorate. The resulting gases, before they can 
escape, have to pass through the water surrounding the 
apparatus, and in doing so, give up their heat to it. When 
the combustion is complete, water is admitted to the inside 
of the apparatus, which is naturally very hot, and takes up 
the heat therefrom, so that the total heat evolved by the 
combustion of the coal is given up to the water. The 
apparatus itself absorbs some of the heat, and a constant 
allowance is made for this, usually 10 per cent. Knowing 
the volume of water and the number of degrees increase 
in temperature, caused by the burning fuel, it is possible 
to calculate its calorific value, and from this its evaporative 
power. 

When oxygen gas is used, the apparatus is similar in 
construction, except that an appliance is fitted whereby 
the coal can be ignited by an electric current passing 
through a fine platinum wire, which becomes red-hot. 
Oxygen gas is led into the space surrounding the coal, 
instead of using the solid oxidising agents as described in 
method 1, and ignition once started by means of the hot 
wire, the fuel burns completely away, the escaping gases, 
as before, passing through the surrounding water, and 
giving up their heat to it. 

In an actual test the temperature of water in the cylin- 
der was 14*2° C. before the combustion and 21*3° C. after. 

The increase in temperature therefore was 7'!° C. 

2 grammes of coal were used, and the volume of the 
water was 2000 cubic centimetres. 

On adding 10 per cent, for absorption of heat by 
the apparatus, the actual increase in temperature was 

7-r+-7r=7-8rc. 

This multiplied by 1000 = heat units or calories = 7810, 

and 7810 i>i c>i iu s 4. 
-— —■ = 14'54 lbs. of water 

537 
converted into steam by 1 lb. of the fuel (537 being the 
latent heat of vaporisation of water). 
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In the more elaborate apparatus known as the homh 
calorimeter^ the oxygen gas is supplied to the fuel in a 
compressed form, and the combustion takes place under 
several atmospheres' pressure. The combustion is started 
electrically, and the bomb has to be very strongly made to 
withstand the high pressure of the oxygen, increased by 
the temperature of the combustion. The bulk of metal 
employed necessitates a careful correction for the heat 
absorbed by the apparatus itself. 

The calorific or heating value of fuel can be calculated 
if its chemical composition be known, but the theoretical 
results thus obtained are always higher than the results 
obtained in practice. Radiation and absorption of heat 
partially account for this, as do also certain chemical 
actions which require heat for their completion. 

When carbon burns completely to carbon-di-oxide it 
produces 8080 heat units, and every 1 lb. of carbon 
requires 11 '57 lbs. of air. 

Hydrogen, when burnt to form water, produces 34500 
heat units, and 34*7 lbs. of air are required for its 
combustion. 

Sulphur, when burnt, produces 2220 heat units, and 
every lb. requires 4*35 lbs. of air. 

Carbonic oxide, burning to form carbon-di-oxide, 
generates 2403 heat units, and requires 2*48 lbs. of air per 
lb. of gas. 

A calorie, or heat unit, is the quantity of heat required 
to raise 1 kilogramme of water T C, and a British 
Thermal unit is the amount of heat required to raise 1 lb. 
water 1° P., hence 1 calorie is equal to 3*968 British 
Thermal units. 

The increase in temperature of the water is usually 
taken as being from 0° C. to 1° C, but so long as the 
temperature is below 100° finally ^ it is not material. 
After what has been said about latent heat (which see), it 
would be absurd to take the amount of heat required to 
raise the temperature of water from 100** C. or 212** F. 
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(its boiling point) to 101° C. or 213° P., because we know 
that unless the pressure be increased or solids added to 
the water, that the latter is not increased in temperature 
once the boiling point is reached. 

If the increase in temperature be measured in Fahren- 
heit degrees, then the numbers representing the calorific 
powers, as expressed by Centigrade degrees, must be 
increased in the proportion of 9 : 5. 

The heating power of a fuel depends upon the carbon 
and hydrogen which are available for combustion. 

If any oxygen be present (and there always is some 
proportion in coals), that oxygen is taken to be already 
combined with its share of hydrogen, and therefore is 
useless for heat production when the fuel is burnt. It has 
been shown already that oxygen is combined with Jth its 
weight of hydrogen to form water, and when a fuel con- 
taining oxygen burns, it uses up this proportion of hydrogen, 
and this is always allowed for in calculating the heating 
power of a fuel from its analysis. 

For instance, assume an analysis of coal to show — 
Carbon .... 80 per cent. 



Hydrogen 
Oxygen . 
Nitrogen 
Ash 



5 



8 „ 
2 „ 
5 „ 

Then 100 lbs. of this fuel contain 80 lbs. of carbon, 5 of 
hydrogen, and 8 of oxygen. 

The 8 lbs. of oxygen will require 1 lb. of hydrogen, and 
this leaves 4 lbs. hydrogen available for heat production, 
and the calculated heating power of this fuel will be — 
Heat due to carbon . . 8080x80 = 646400 

hydrogen . 34500 x 4=138000 



♦♦ 



Total heat units . . 784400 

784400 
•.• 1 lb. of this fuel would generate ^qq = 7844-00 

heat units. 
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A certain deduction would have to come off this again, 
for the heat which becomes latent in converting the water 
(formed by the union of the oxygen and hydrogen in the 
fuel) into steam. 

If the coal be wet, then a further amount of heat is lost 
in converting this moisture into steam — 
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produced. 
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CHAPTER XII. 

STRATA ADJOINING THE COAL 

MEASURES. 

The strata adjoining the coal measures consist of shales 
and clays of various kinds, clay ironstones, ganister, etc., 
more or less valuable for working purposes according to 
their composition. 

Chemically considered, clay is a compound of silica (the 
chief constituent of sand), with alumina (the oxide of the 
now well-known metal, aluminium), and combined water. 
In other words, it is a hydrated silicate of alumina. In 
addition to these substances, there are always varying 
amounts of iron oxide, lime, magnesia, and the alkalies, 
potash and soda. 

All clays have been formed by the decomposition of 
felspathic rocks. These are silicates of alumina, potash 
and soda. When exposed to the weathering action of 
rain, wind, frost, running water, carbon-di-oxide and 
oxygen, they gradually decompose, and certain of their 
constituents (sodium and potassium) become carbonates, 
which are soluble in water, and therefore are washed away. 
This leaves the silicate of alumina in a more or less pure 
condition, often contaminated with oxide of iron, but the 
purer clays (e,g, china clay) are free almost from this 
constituent. The colour of a clay is a good indication of 
the amount of iron it contains, a reddish-brown clay being 
richer in iron than one of a paler colour. China clay is 
almost white. 

Suitability of Clays for various purposes.— The 

clays are suitable for various purposes according to their 
composition ; that which would be satisfactory for making 



xai 
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building bricks would be absolutely useless for making a 
refractory brick, that is one which will withstand intense 
heat, such as that required in metallurgical processes. 

A good clay for refractory purposes should contain 
50 to 60 per cent, silica and from 20 to 30 per cent, 
alumina ; there should be very small amounts, if any, of 
lime, magnesia, and especially alkalies, potash and soda. 
Small amounts of iron may be present, but should not 
exceed 2 or 3 per cent, of oxide. Iron in the form of 
pyrites is very objectionable. Lime, magnesia, potash, 
and soda all tend to lower the fusing or melting point of 
the brick, since they form readily fusible silicates with the 
silica. Potash and soda are especially objectionable on 
this account. In clays to be used for building-bricks, 
the presence of these impurities is not so serious. The 
oxide of iron present determines the colour of the brick, 
and much more lime, magnesia, and alkalies may be toler- 
ated than in a fire-clay. 

It has been previously stated that clays contain com- 
hined water, usually about 10 per cent. To this they owe 
their plasticity, that is the property of being moulded into 
various forms. If this combined water be driven off by 
heat, the clay never regains its plastic power. A practical 
method of testing the refractory nature of a clay is to 
mould a portion into the shape of a rectangle, or cube, 
or pyramid with sharp edges \ after carefully and slowly 
drying, the test piece is subjected to a high temperature. 
A clay of high refractory quality ought not to show the 
slightest rounding-off or fusing of the sharp edges. 

Many things have to be considered in dealing with 
refractory bricks, especially the purposes and uses to 
which they are intended to be put. For instance, a brick 
may consist principally of silica (silica brick), containing as 
much as 98 per cent, pure silica, and such a brick subjected 
alone to a very intense heat would be unaltered, practically. 
If, however, a slag containing much lime, or if lime itself or 
ferrous oxide be brought into contact with the brick, fusible 
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compounds, silicates of lime or iron, would be formed, and 
cause the brick to " run." Similarly, lime and magnesia 
alone are infusible, even at the most intense temperatures, 
but if they come into contact with siliceous substances they 
melt fairly easily. 

The following are analyses of refractory materials : — 

M^^esite Silica 
Fire-clay. Fire-clay. Fire-brick. Brick. Brick. 

Percent. Percent. Percent. Percent. Percent. 

Silica . . . 63-80 50-20 58-00 2-40 96-80 

Alumina . . 22-20 31-71 34-8 -50 -60 

Iron Oxide . . 2-97 2-7S 3-8 -40 1-50 

Manganese Oxide traces, traces, traces. — — 

Lime . . . 1-00 1-00 1-0 -10 -80 

Magnesia . . traces, traces. 1-4 95-8 -20 

Alkalies, Potash 1 -^ -^ 1 /^ ^ ^j f-zx 

/ o J r '52 -91 1-0 not estd. -50 
and Soda .j 

Combined water] 

and organic I 9-50 13-40 nil. -50 nil. 

matter J 

Aluminous Shales. — ^The shales are also compounds 
of silica and alumina, and they are often treated for the 
alumina they contain. 

Alum shale is a coaly mineral, containing pyrites 
(bisulphide of iron). On roasting this shale and then 
" weathering," the sulphur of the pyrites becomes parti- 
ally converted into sulphuric acid, which acts upon the 
silicate of alumina, forming sulphate of alumina. The 
mass is washed with water (lixiviated or leached) to get 
out all the soluble matter, and potassium sulphate is added 
in sufficient quantity to form ordinary alum^ which is a 
double sulphate of aluminium and potassium. Certain 
iron compounds are formed at the same time, but being 
more soluble in water they remain dissolved, while the less 
soluble alum is allowed to crystallise out in vats. 

Some bituminous shales are subjected to distillation to 
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recover oils from them, and most of them are now worked 
for ammonia as well, and this latter forms an important 
branch of the shale industry. The principle underlying 
this recovery is practically the same as that referred to 
under by-product recovery in coking. 

The shales richest in hydrocarbons probably contain 
more vegetable matter than those which are rich in 
ammonia ; the latter probably contain a greater proportion 
of animal remains. 

Iron Pjrrites has been referred to several times pre- 
viously. It is commonly met with in and near the coal 
measures. It is a compound of iron and sulphur, and is 
often used as a source of sulphur in various manufacturing 
processes, e,g. in sulphuric acid making, the residue (which 
is chiefly oxide of iron) being then used for the iron which 
it contains. The pyrites is also, in some cases, converted 
into " copperas " or " green vitriol " by weathering. The 
name " copperas " for the sulphate of iron produced is 
somewhat misleading. The sulphur of the pyrites takes 
up oxygen forming sulphate and at the same time free 
sulphuric acid is produced (see acid waters) ; this free acid 
is neutralised and converted into more sulphate of iron by 
the addition of scrap iron or steel. The salt produced is 
crystallised out in vats. 

Ganister is a rock met with in certain districts near the 
coal measures. It is almost entirely silica (at least 95 or 
96 per cent.), and is very refractory, being consequently 
used for purposes where great heat has to be withstood, 
such as lining the Bessemer converter in which steel is 
made by the acid process. An analysis of a brick made of 
ganister was as follows : — 

Silica 96-0 



Alumina 
Iron Oxide 
Lime . 
Magnesia 



1-0 
•9 

1-2 
•6 
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Ironstones. — The strata near the coal measures often 
contain workable amounts of iron, generally in the form 
of carbonate. They are sometimes associated with silica 
and alumina, and usually a fair amount of carbonate of 
lime, with phosphoric acid and sulphur. 

The analyses given below show the differences between 
the various kinds of ironstones, and especially the com- 
position of those associated with the coal measures. The 
iron in the latter, it will be noticed, is mainly in the form 
of carbonate, while others have their iron principally in 
the form of peroxide. 

It is generally advantageous to calcine (that is, heat 
strongly in a kiln) ironstones in which the iron is as car- 
bonate, before smelting. This drives off carbon-di-oxide 
and combined water, and the final result of such heating, 
in the case of the " cockle-shell ** bed (analysis No. 8), 
would be to more than double the amount of metallic iron 
(29*47 per cent.), the actual loss due to heating being 51*3 
per cent. Clay ironstones vary in colour from pale brown 
to black, the latter caused by coaly or carbonaceous matter 
mixed with them, sometimes in sufficient quantity to enable 
them to be smelted without the use of further fuel. 
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^ See next page. 



126 PHYSICS &> CHEMISTRY OF MINING. 

The ironstones referred to in the foregoing Table are 
the following: — 

1. Purest hematite ore from Cumberland district. 

2. Clay ironstone. 

3. Black clay ironstone from coal measures. 

4. Blackband ironstone. 

5. Lincolnshire ore. 

6. Fossiliferous stone from Lincoln ore. 

7. Material found between two beds of coal near St 
Helens, Lancashire. 

8. Cockle-shell bed, above the Arley Mine. 

9. Dark shale from cockle-bed, 67 yards above the 
Arley Mine. Full of shells. 

10. Material found under fire-clay, below yard coal. 

Granite* — This rock is so called because it is readily 
seen to be made up of small grains, and it consists of three 
minerals : quartz, felspar, and mica. Quartz is almost pure 
silica. Felspar and mica are compounds of silica with 
alumina iron oxide, lime, magnesia, potash and soda. By 
" weathering," these constituents become disintegrated, and 
gradually crumble away ; the quartz grains thus freed go 
to form sand, and the silicates of alumina, etc., from the 
felspar and mica, become converted into the various clays, 
as already described. 



CHAPTER XIII. 
MAGNETISM AND ELECTRICITY. 

It is altogether beyond the scope of this book to pre- 
sume to deal in detail with the various applications of 
electricity in connection with mining operations. The 
purpose, in adding a few notes on elementary magnetism 
and electricity, is to explain in as short a manner as 
possible the principles underlying the more important 
operations, and thus enable the student to more readily 
understand the appliances. 

Magnetism and its Effects. — The natural magnet 
commonly known as a lodestone is one of the oxides of 
iron, and is, in fact, one of the purest forms in which iron 
ore is found. It has the power of attracting or drawing 
iron or steel towards itself. Further, if a small lump of 
lodestone be suspended by a fine string, it will turn so 
as to place itself in a position pointing magnetic north 
and south. There are objections to the use of the natural 
magnet in practice, and artificial magnets are made of steel 
bars and rods. When hard steel is rubbed with a piece of 
lodestone or with another magnet, or has a current of 
electricity passed round it by means of a coil of wire, 
the steel takes up magnetic properties permanently — that 
is, becomes magnetised. 

A small strip of steel, suitably balanced on a point 
and magnetised, becomes a magnetic needle, and is 
used in a variety of ways. The end of the needle point- 
ing north is usually marked in some way. On bringing 
a bar magnet to one end of this needle, the latter is 

either attracted or repelled, according to the " poles " which 
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are near each other : unlike poles attract, like poles repel each 
other. The action of magnetism goes on through sub- 
stances which are not magnetic. By holding a piece 
of card or stiff paper above a bar magnet, and sprink- 
ling iron filings on the paper, the filings arrange them- 
selves in well-marked lines, which are taken to indicate 
the lines of magnetic force. Although one end of a 
bar magnet has north-seeking magnetism, and the other 
south, it is impossible to break a bar so as to isolate 
one from the other. However small the pieces be 
broken, each one is still a small magnet, or is said to 
have polarity. 

Though the magnetic needle points north and south, it 
is found that the direction does not quite coincide with 
the geographical north and south. The difference varies 
from time to time, and this difference is spoken of as the 
*' declination " of the needle. Again, if a needle be balanced 
so as to swing vertically, and then magnetised, it is found 
to be no longer truly balanced, but to incline or dip down- 
wards with its north-seeking end. This is spoken of as 
the " inclination " or "dip" of the magnetic needle, and (like 
the declination) varies from time to time. Fig. 43 illus- 
trates a dipping needle. 

Chemical Properties of the Electric Current. — 

When a plate of pure zinc or a plate of amalgamated 
zinc is dipped in dilute sulphuric acid there is no action, 
and similarly with a plate of copper or platinum foil; 
but if the portions of the metals outside the liquid be 
joined by a wire, bubbles of hydrogen gas begin to 
come off from the platinum or copper plate, and if 
the wires from the plates be attached to a galvanometer 
or current indicator, it indicates the passage of a 
current. The chemical energy has been transformed 
into electrical energy. Similar reactions take place 
between couples of other metals when a current of 
electricity, sufficiently strong, is passed through acidu- 
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lated water. The latter is decomposed or split up into the 
two gases which compose it — oxygen and hydrogen. 

This effect of the current is called electrolysis, and 
takes place not only with water, but with many other 
solutions. The metals potassium and sodium were dis- 
covered by electrolysis, and this principle underlies many 
manufacturing operations at the pre- 
sent day — notably the production of 
the wonderful metal aluminium. 

The operation of electroplating 
is one of electrolysis, the gold or 
silver or nickel solution, etc. being 
decomposed by the current and its 
metal deposited on the object to 
be coated, the metal being supplied, 
as fast as deposited, by a strip of the 
same kind of metal, suspended in the 
solution, and connected to one end 
of the battery, the object to be 
plated being attached to the other „ r, .,, 

J r?i ^^ ■ ■ J X J Fig. 43.-Dippme needle, 

end. blectrotypmg is conducted on 
the same principles. 

Magnetic Effects of a Current.— A current of 
electricity passing through a wire causes that wire to 
have magnetic properties, and if such a wire be held 
over a magnetic needle, the latter is deflected or turned 
aside, and takes up a position almost at right angles to 
its original one. Instruments applying this principle 
are used to recognise the presence of electric currents. 
They are called galvanometers, and consist of two needles, 
one above the other, the lower one surrounded by coils 
of insulated copper wire (copper wire is insulated by 
covering it with silk, cotton, or gutta-percha, so as to 
prevent the current leaking from one turn of wire to 
another). The coils of wire multiply the action of the 
current by induction (see p. 133), and by means of a 
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pointer attached to the needle-support, indicate when a 
current is passing through the galvanometer. 

When a length of wire conveying a current is coiled 
round a piece of iron or mild steel, the latter becomes 
magnetised. On cutting off the current the magnetism at 
once ceases. If a hard steel has been used the magnetism 
remains, or becomes permanent. 

Effects of Currents upon each other. — Currents 

passing through wires have certain effects on each other. 

If they run alongside of one another 
in the same direction, they attract one 
another ; but if in opposite directions, 
repel one another. 
Fig. ^-Solenoid. A coil of wire wound in form of a 

helix, through which a current passes, 
acts just like a bar magnet, and has north and south 
polarity, also setting itself, if free to do so, in the direction 
of magnetic north and south. Such a coil of wire is called 
a solenoid (Fig. 44). 

An ordinary bar magnet held near the end of a solenoid 
attracts or repels it according to the poles, just as an- 
other magnet would be attracted or repelled, and one 
solenoid will attract or repel another solenoid. 

Electro-Magnets are usually of the horse-shoe shape, 
in one piece, or consist of two rods joined at the ends by a 
strap of iron. They should be made of soft iron rods, or 
better, of bundles of soft iron wire. Very powerful electro- 
magnets can be made, their strength depending, up to 
certain limits, upon the number of coils of wire round 
them, and also upon the strength of the current passing 
through the wire (see Figs. 45 and 46). 

Use of Electro-Magnets — The principle of the 
electro-magnet is applied in many ways — for instance, in 
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electric bell construction, in the magnetic concentration 

of iron ores, in the construction of induction machines, etc. 

In the electric bell (Fig. 47), the striker is so arranged 



Fig. 45.— Elecuo-magnet. 

that a small electro-magnet attracts the rod carrying the 
striker towards the poles of the magnet, and in doing so 
cuts off the electric current automatically. The current 
being cut off, the electro- magnet is no longer magnetic 
and the striker falls back to its 
original position, when contact is 
again made, and the process re- 
peated. This goes on very rapidly, 
and causes the bell to be rung by the 
striker. Locks for safety lamps have 
been devised, which require the use 
of a strong magnet to unlock them. 
Such lamps cannot, of course, be 
opened without a special appliance, 
and are therefore very safe in that 
respect. 

Fig. 46. — Eleclro-magnel, 

Primary Batteries. — The 
batteries supplying the electrical energy for purposes of 
bell-ringing, signalling, telephony, and so on, depend on 
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chemical principles, and are generally primary batteries. 
We have seen that a battery or cell of a battery under 
simple conditions has one of its plates coated with 
bubbles of hydrogen gas. This gaseous layer causes 
a back current, and therefore tends to destroy the effect 
of the primary current. The main object of most of the 



Fig. 47.— Electric bell. 

chemical agents used in primary cells is to neutralise or 
destroy this hydrogen gas. 

Priniary Cells in common use. — The cells in most 
general use are either of the Leclanchi (Pig. 48), Daniell, 
or bichromate type (Fig. 49.) In the Leclanch^ cell, the 
liquid used is a solution of sal-ammoniac, or ammonium 
chloride, and the agent used to destroy the hydrogen, or 
the depolarising agent, is peroxide of manganese. In 
the Daniell cell, copper sulphate is used for the 
5ame purpose, metallic copper being produced. In the 
bichromate cell, the depolarising agent is chromic acid, 
which gives up its oxygen and destroys the hydrogen. 
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With other cells, not often used for bell or signalling 
work, the depolarising agent is nitric acid (Bunsen's and 
Grove's cells) (Fig. 50). 

Induction. — It has been shown that a coil of wire 
through which a current is passing, passed round an iron 
or steel bar, causes the latter to become 
magnetised. Now the converse also applies, 
namely, that if a permanent magnet be pushed 
into a coil of wire (Fig. 51) a THomentary 
current of electricity is produced in that 
wire, and further, a momentary current is also 
produced when the bar is withdrawn. These 
are spoken of as induced currents, and have 
many important practical applications. 
Though these currents are momentary or 
practically instantaneous, they have all the 
properties of ordinary currents. ^'^ trf ^V^*^ 

In the Induction Coil (Fig. 52), a small original primary 
current is built up by induction into a powerful secondary 
current. As shown in the illustration, the coil consists of 
two necessary parts^a primary coil (the thin cylinder) and 
a secondary coil (the outer cylinder) ; the illustration shows 
the inner coil pulled out, but when in use its position is 
inside the larger coil. The primary wire is only a few feet 
in length, while the secondary may be at least a mile in 
length, each layer or strand of wire being insulated from 
its neighbour by paraffin wax or shellac varnish. By 
means of a *' make and break " contact, like that on an 
electric bell, a rapid series of currents is sent along the 
primary wire ; these induce currents in the secondary 
wires, and the number of coils multiplies the effect. The 
induced current is collected from the terminals of the 
secondary wires, and may be used for exploding gases or 
detonators, or displaying vacuum tubes, etc., and bringing 
about chemical decomposition. 
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The Principle of the Telephone— The telephone 
depends for its properties upon induction. A permanent 
magnet has on one end of it a bobbin containing a coil of 
flne wire, the ends of which are connected in a closed 
electrical circuit. Opposite this end of the magnet is fixed 
a thin plate of soft iron (ferrotype). This disc or diaphragm 



¥iG. 49. — Bichromate or Daniell battery. 

is magnetised by the current passing through the coil on 
the bobbin. The disc being fixed In the mouth of the 
telephone vibrates when spoken into, so that it moves to 
and fro, the movements varying with the sound which 
produces them. The to and fro movement causes induced 
currents to be set up and produce alterations in the 
magnetism of the permanent steel magnet, and hence 
currents are set up also in the coil of wire, which are trans- 
ferred to the receiving end of the telephone, where similar 
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effects are produced in the reversed order, the currents in 
this case causing the disc to vibrate and reproduce faithfully 
every sound. 

Magneto - Electric Machines — When a conductor 
moves in a magnetic field — that is, in an area in which lines 
of magnetic force are acting — currents are produced in the 
conductor. Upon this principle, most magneto - electric 



I 



FiG-sa— Bunsen Fig. 51.— Hlustrat- 

orGrove'sceil. ing induction. 

machines are constructed. These machines are used in 
shot firing, and are usually constructed so that a number 
of coils of insulated copper wire, suitably wound, are made 
to revolve before the poles of a powerful permanent 
magnet. 

Dynamo Construction. — Permanent steel magnets, 
as used in magneto-electric machines, are supplanted by 
soft iron or electro- magnets. A small amount of residual 
magnetism, always present in the soft iron, is found to 
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generate a small amount of electricity in the revolving 
coils of wire (caHed the armature) ; and this induced 
current, acting upon the electro- mag net, increases its mag- 
netism, and therefore increases the number of lines of 
force in the magnetic field. The current is thus verr 
rapidly multiplied to a maximum, depending up to certain 
limits upon the speed at which the armature is revolving, 
upon the number of coils on the armature, and upon the 
intensity of the magnetic field. Such a machine is 



called a dynamo, and is therefore a machine for changing 
mechanical work into electrical energy. 

In an electric motor, the electric energy derived from 
a dynamo is changed again into mechanical energy. A 
dynamo and motor are therefore the opposite of one 
another. In the former the armature is made to revolve 
by mechanical energy in a magnetic field ; in the latter 
the magnetic field, produced by current from the dynamo, 
causes the armature to revolve, and be available for 
mechanical work. 

Secondary Batteries or Accumulators.— We have 
seen that when a current of electricity is sent through 
water, the latter is decomposed into its elements hydrogen 
and oxygen. If these gases be collected separately in 

tubes containing a platinum plate or electrode, under certain 
conditions a reverse current is established, and a battery 
has been devised by Groves on these principles called a 
gas battery. 
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Upon these lines most secondary batteries or accumu- 
lators are constructed (Fig. 53). They all involve chemical 
action, and one of the commonest forms consists of leaden 
plates in dilute sulphuric acid. On passing a current into 
a cell containing two such plates, electrolysis is set up ; 
oxygen is liberated at one plate and converts the metallic 
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lead into peroxide of lead ; at the other plate hydrogen is 
liberated. After a time the current is reversed, then the 
lead peroxide becomes reduced by the hydrogen which is 
now liberated at that plate, while the other plate becomes 
coated with peroxide. This is carried on for some time 
with occasional changing of the current, and finally the 
plates remain, one coated with spongy lead, the other with 
peroxide. The spongy condition of the metal is one of the 
necessary features of the cell, and it is brought about by 
the reduction of lead peroxide. No mechanical means 
could prepare it in such a suitable condition. It is now 
found to be better to give the leaden plates a preliminary 
coating of lead oxide before passing the current. 

The secondary cell thus produced (or series of cells 
forming a battery) may be charged from a dynamo, or from 
a primary battery, as required. The Sussman electric lamp 
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is an example of one mounted on a secondary battery. It 
will maintain its lighting power for eight or nine hours, 
and is practically the same weight as an ordinary oil safety 
lamp. It is recharged as required from a dynamo. 

Lighting Effect of the Electric Current. — As re- 
gards the lighting effect of the current, two forms of lamps 
are, broadly speaking, in general use, the incandescent and 
the arc. Both primary and secondary batteries are used 
as a source of the chemical energy, which is transformed 
into light in the case of the incandescent lamp. As a 
rule primary batteries are unsatisfactory for this purpose, 
and most secondary batteries have the disadvantage of 
weight. No doubt this difficulty will be eventually 
overcome. 

The incandescent light is caused by the passage of a 
current of electricity from a primary or secondary battery, 
or from a dynamo, through a fine filament or thread of 
carbon. At one time these filaments were made from 
bamboo fibre, which had many imperfections and dis- 
advantages. Many improvements have been effected, and 
the filament is now usually made by dissolving cellulose 
in chloride of zinc, which produces a semi-solid substance. 
This is ** squirted " or forced through small holes, and in 
this form is very like hard white of egg in appearance. 
By heating this material out of contact with air a filament 
of carbon is left, and this is suitably mounted in a glass 
globe, which is then emptied of air. The resistance of this 
carbon thread to the passage of the current causes it to 
become white-hot. It is, of course, absolutely necessary 
that no air has access to it, otherwise the filament would 
burn away almost instantly. Incandescent lights are 
usually considered one of the safest methods of lighting 
in the mine, but under some conditions may be dangerous. 

Messrs Couriot and Meunier (Comptes Rendus, 1898) 
experimented with an explosive mixture of fire-damp and 
air (9*5 per cent, methane) and 10-candle power lamps run 
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with a voltage of 15 to 110 volts; no explosion could be 
produced provided the filament of the lamp remained 
unbroken. Water and carbon dioxide were produced, and 
only on one occasion was there explosion. On investi- 
gating this case it was found that the filament was broken, 
and explosion was probably caused by sparking between 
the ends of the broken filament. Other attempts to 
produce an explosion were unsuccessful. 

Heise and Theim found, when experimenting with a 
mine gas in Westphalia (1898) with a 500- volt current, 
that the gaseous mixture always exploded when the glass 
was carefully removed and the filament exposed. When 
the glass was broken the gas was sometimes ignited, but 
not always. With arc lamps and with sparks from 
machines the conclusions arrived at were that all visible 
naked sparks are dangerous. In mines lighted by glow 
lamps precautions should be taken to ensure that the 
filament gets completely broken if the lamp-glass breaks. 

The Nernst incandescent electric lamp is one in which 
the filament, instead of being enclosed in a vacuous 
flask or globe, glows in the open air. The filament con- 
sists of certain rare earths, similar to those used in 
the manufacture of incandescent mantles — namely, thoria 
and zirconia. These substances are what are called 
" secondary conductors," that is, they require to be heated 
before an electric current can be passed through them. 
The heating is done by heaters in the form of hollow 
cylinders made of kaolin, or best fire-clay, round which 
platinum wire is wound. When the current is first turned 
.on it passes through the heater, which imparts its heat to 
the filament, until the latter is hot enough to allow of the 
passage of the current through it, causing incandescence. 
The current is then cut off automatically from the heater. 

Ordinary arc lights consist of two pointed carbon rods 
fitted in suitable machinery whereby they are automati- 
cally kept at a certain distance from each other. The 
regulator of this distance is usually worked by an electro- 
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magnet. When the points of the rods are placed together 
the current meets with great resistance at these points, 
and makes them white-hot ; on separating them slightly 
a hrilliant light continues to be given out. 

Electrical Welding. — The welding together of metals 
by means of electricity is a very useful application of 
the heating effect that the current possesses. The 
operation can be made use of not only with the metal 
iron, but with others, such as brass, copper, zinc, etc., 
and can be applied not only to metals of the same 
kind, but with others — for example, brass to tin or 
copper, etc. 

The process can be used when ordinary methods of 
welding would not be possible. Thus as in the case of 
cracked portions of machinery, such as fly-wheel arms, 
etc., the cracks may be filled with filings or fine drillings, 
and the welding done on the spot. This is a great advan- 
tage, especially when the machinery is underground, and 
when, if ordinary welding had to be done, the part would 
have to be removed to the surface. 

It would not be advantageous to erect a generating 
plant especially for welding purposes, but where current 
is already being used, say coal cutting, the necessary 
addition for welding purposes would not be a very 
serious item. As most large modern collieries are using 
electricity extensively, no doubt electrical welding will 
be more generally used before long. 

Chemical Welding. — In connection with the subject 
of welding, it is worthy of note that a chemical method is 
in use which can be applied in situ also. 

The principle depends upon the fact that when oxide 
of iron is intimately mixed with powdered or granulated 
aluminium, under suitable conditions a very intense chemical 
action takes place, which develops an enormous amount of 
heat. The aluminium is oxidised at the expense of the 
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iron oxide, and the heat is the result of the chemical 
change. 

Any portion of machinery or structural work which it 
is desired to weld has a suitable amount of the mixture 
(called thermite) placed round the part to be welded, and 
then fired. It is found that it is sufficient to start the 
chemical action at one spot only, by means of a kind of 
fuse, really a mixture of barium peroxide and aluminium, 
which is fired by a short piece of magnesium wire ; once 
commenced, the action spreads throughout the whole mass 
of thermite, and raises the material which it surrounds to 
a welding heat. The process was devised by Goldschmidt. 
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I. USEFUL TABLES, etc. 

Conversion of thermometer degrees from one scale to 
another. 

C/ to F.''— Multiply by 9, divide by 5, add 32. 

F.° to C."— Subtract 32, multiply by 5, divide by 9. 

Rough estimation of temperatures — 

Just glowing in the dark, about 525° C. 



Dark red 

Cherry red 

Bright cherry red 

Orange . 

White . 

Dazzling bluish white 

Electric arc 



700 

910° „ 
1000° 
1160 
1300 
1500 
3500 



»» 



»» 



»> 



» 



» 



»> 



Area of circle 
Area of square 
Volume of a sphere 
Surface of sphere . 
Volume of a cylinder 
Volume of a cube . 

One atmospheric pressure 



"{ 



radius squared x 3*1416 
length of one side squared 
radius cubed x 3* 1416 x | 
diameter squared x 3*1416 
area of base x height 
length of edge, cubed 
14*7 lbs. per square inch, 
or 21 16 lbs. per square foot 



Specific gravities of common metals- 
Platinum 

Gold 

142 



21*5 Mercury 
19-3 Lead 



13-6 
11*4 



■-I 



Silver 


f.^~^.M. V/ ^ 


10-5 


Chromium . 


7-3 


Copper 




8-9 


Zinc . 


6-9 


Nickel 




8-8 


Aluminium . 


2-7 


Manganese • 




8-0 


Magnesium . 


. 1-75 


Iron 




7-8 


Potassium . 


•86 


Tin . 




7-3 






Melting points 










Aluminium 


700° 


C. 


Magnesium 


500° C. 


Copper . 


1100° 




Mercury . 


-39° „ 


Gold 


1075° 




Nickel 


1500° „ 


Cast iron (white) 


1080° 




Platinum 


1775° „ 


Cast iron (grey) 


1275° 




Silver 


960° „ 


Wrought iron . 


1550° 




Tin . 


230° „ 


Steel 


1375° 




Zinc 


412° „ 


Lead 


326° 









Common names of chemical substances — 



Chemical name. 

Potassium, aluminium sul- 
phate. 
Copper sulphate. 
Iron sulphate. 
Zinc sulphate. 
Mercurous chloride. 
Mercuric chloride. 
Nitric acid. 

Nitro-hydrochloric acid. 
Phenol. 

Magnesium sulphate. 
Sodium or potassium hydrate. 
Bisulphide of iron. 
Tin binoxide. 
Iron per oxide. 
Silver nitrate. 
Sulphuric acid. 



Common name. 



Alum. 



Blue vitriol or blue stone. 

Copperas or green vitriol. 

White vitriol. 

Calomel. 

Corrosive sublimate. 

Aqua fortis. 

Aqua regia. 

Carbolic acid. 

Epsom salts. 

Caustic soda or potash. 

Coal brasses, iron pyrites. 

Putty powder. 

Rouge. 

Lunar caustic. 

Oil of vitriol. 
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Chemical name. Common name. 

Ammonium chloride. Sal-ammoniac. 

Potassium nitrate. Nitre or saltpetre. 

Calcium hydrate. Slaked lime. 

Calcium oxide. Quicklime. 

Calcium sulphate. Plaster of Paris. 

Calcium carbonate. Chalk, marble, limestone. 

Sodium sulphate. Glauber's salt. 

Acetate of copper. Verdigris. 

Ammonia. Spirits of hartshorn. 

Hydrochloric acid. Spirits of salts or muriatic 

acid. 

Nitrous oxide. Laughing gas. 

Sodium carbonate. Soda. 

Acetic acid (dilute). Vinegar. 

Sodium chloride. Common salt (table salt). 

English equivalents of Metric System units — 



1 Metre = 39*37 English inches. 

1 Kilogramme (kilo) = 2*20 pounds. 

1 Litre (1 cubic decimetre) = 1 '76 pints (61 '02 cubic inches). 

1 Gramme = 15*43 grains. 

1 Gallon of water weighs 10 lbs. = 70,000 grains. 
.*. 224 Gallons weigh 1 ton. 

Symbols and specific gravities of common gases — 

Name. Symbol. Spec, gravity, air being i. 



Hydrogen 


H 


•06926 


Marsh gas 


CH^ 


•5592 


Carbon-di-oxide 


COg 


1529 


Carbonic oxide 


CO 


•9678 


Sulphuretted hydrogen 


H^S 


1*1748 


Sulphur-di-oxide 


SO2 


2*247 


Oxygen 





1*1056 


Nitrogen 


N 


•9713 
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Coefficients of li 


near 


expansion 


between 0** and 100" C. 


Brass 


•00001878 


Gold 








•00001466 


Copper 








•00001718 


Iron 








•00001220 


Steel 








•00001079 


Lead 








•00002857 


Tin 








•000021730 


Silver 








•000019097 


Zinc 








•000029417 



The coefficients for cubical expansion are three times 
those for linear. 

To find the weight of a gas in lbs. per cubic foot at 
standard temperature and pressure, multiply half the 
molecular weight by •00557. 



II. MISCELLANEOUS QUESTIONS. 

[*' B. of E." denotes that the question has been given at the Board of 
Education Examination in Mining. Questions marked **C. M." have 
been set at various examinations for Colliery Manager's certificates.] 



1. What gases are met with in mines? What are their 
chief properties ? 

2. Explain the action of the siphon. 

3. How does the gauze cylinder in a safety lamp act as a 
preventive of explosion ? 

4. What is meant by gaseous diffusion ? 

5. What is black-band ironstone? How does it differ from 
hematite iron ore ? 

6. Explain how a siphon is sometimes used for draining a 
mine, and state conditions which limit its usefulness. 

7. Describe the Clowes Hydrogen lamp, and state the 
amounts of fire-damp which can be recognised by it 

8. Three specimens of fuel A, B, and C gave when analysed 
the results shown in the table below. What would you call 
each of these fuels? Note any peculiarities of composition 
which strike you as likely to affect the calorific value of the 
fuels. (B. of E.) 

Carbon . 
Hydrogen 
Oxygen . 
Nitrogen 
Sulphur . 
Water . 

Ash 
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A 


B 


C 


36-0 


44-8 


39^58 


2^55 


3-9 


3^19 


12^16 


10^6 


16^35 


•57 


•6 


•45 




•7 




30-79 


33-9 


32-26 


17-93 


5-5 


8-17 



MISCELLANEOUS QUESTIONS, 147 

9. State what you know concerning the manufacture of 
briquettes or patent fuel. 

10. Which will diffuse the more quickly, black-damp with 
air, or fire-damp with air ? 

11. A mixture of fire-damp and air measures 20,000 cubic 
feet and contains 8 per cent, of fire-damp. How much air 
will have to be added so as to form a mixture which will not 
show a cap with an ordinary safety lamp ? 

12. A bunker for storing coal measures 20 feet long, 15 
feet wide, and 10 feet deep. How much coal will this con- 
tain of specific gravity if the latter be taken as 1.3 ? 

13. What reasons are there for concluding that coal dust is 
a most dangerous element in coal mining ? State when it is 
most and least dangerous. 

14. What is the composition of anthracite, cannel and 
bituminous coals, and of coke ? 

1 5. Describe the principle of the safety lamp. 

16. A piece of coal weighing 20.65 ounces when immersed 
in water weighs 4.13 ounces. What is its specific gravity and 
its weight per cubic foot ? 

1 7. Why is water such a useful medium for heating pur- 
poses ? 

18. What would be the effect upon the height of the mer- 
cury column of an ordinary barometer if taken down into a 
deep mine? 

19. How can air be proved to have weight? How would 
you compare the relative weights of various gases ? 

20. Describe the construction and use of an ordinary mer- 
cury barometer. If water or glycerine be used instead of 
mercury, how is the length of the column effected ? What is 
the advantage in using glycerine ? 

21. The tube of a thermometer has a very narrow bore, but 
the bulb has a large one. Why is this ? 

22. Why is mercury used in making thermometers? Is 
any other liquid used for this purpose ? If so, why ? 

23. How can it be proved that solid liquids and gases ex- 
pand when heated ? 
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24. Explain how the boiling point and freezing point are 
determined on an ordinary thermometer, and how it is 
graduated. 

25. Explain the terms "Conduction," "Convection," 
" Radiation " of heat, and " Specific Heat." 

26. The specific heat of mercury is said to be .033. What 
does this mean ? 

27. Describe an experiment to prove that water is a bad 
conductor of heat. 

28. 1 lb. of water and i lb. of iron are heated to the same 
temperature. They are then both placed on a block of ice. 
Which will melt most of the ice, and why ? 

29. How much fire-damp would have to be given off to 
foul a current of 6000 feet of fresh air per minute sufficiently 
to allow the presence of the gas to be detected by the flame 
of a safety lamp ? (C. M.) 

30. State the most important laws and principles affecting 
the ventilation of mines. (C. M.) 

31. Account for rise of the air in an upcast shaft, and show the 
relation of the movement to the action of the siphon. (C. M.) 

32. Describe and sketch a safety lamp suitable for a fiery 
mine, and able to withstand a velocity of 30 feet per second. 
(C. M.) 

33. Describe, with sketches, the form of safety lamp which 
you consider best for use in fiery mines with a high velocity 
of ventilating current, also lamps with which you are acquainted 
for testing for small quantities of gas. (C. M.) 

34. What explosives would you employ in a fiery mine? 
Give details of when and how you would use it. (C. M.) 

35. What, in your opinion, is the best explosive now in use 
in coal mines ? Give your reasons, stating its leading char- 
acteristics ; mention any disadvantages, and say what are your 
views as to substitutes for explosives. (C. M.) 

36. State what you know about the explosive properties of 
coal dust, and what precautions you would take in working a 
dry and dusty mine. (C. M.) 

37. When fire-damp at its most explosive point is fired. 



MISCELLANEOUS QUESTIONS. 149 

what takes place? What are the resultant gases, in what 
proportions, and what are their properties ? (C. M.) 

38. Describe a method, or methods, of testing for small per- 
centages of fire-damp, such that the presence of gas cannot be 
detected by the means of an ordinary safety lamp. 

39. Name the chief constituents of pure air, and give their 
chemical properties. Give the chemical properties of fire- 
damp and choke-damp, and their weights compared with 
atmospheric air. 

40. What effects may coal dust produce in a mine, and how 
would you guard against them ? 

41. What gases are given off in a coal mine from spon- 
taneous combustion or gob-fires, from the coal itself, from 
lamps, and from shot-firing ? What are their properties and 
chemical compositions? 

42. What do you understand by the " pitting " of boiler 
plates, and how is it caused ? 

43. Which is the most likely part of a working place to find 
fire-damp accumulating ? What is the most explosive mixture 
of fire-damp and air? What effect has fire-damp, unmixed 
with air, upon the flame in a lamp ? 

44. How would you detect the presence of fire-damp, and 
how would you estimate the proportion of gas present ? De- 
scribe how you would search for this gas in a drawing-road 
and in a working place. (B. of E.) 

45. What is the effect of coal dust on the atmosphere of 
fiery mines, and what special precautions are required in 
working such mines? (B. of E.) 

46. Describe the Clowes lamp, and state how small a per- 
centage of fire-damp can be detected with it. 

47. Describe the general principles of " pneumatophores," 
and the conditions which have to be fulfilled to make the 
appliances of practical use. 

48. What is the cause of acid water in mines, and what 
precautions are necessary for raising it? (B. of E.) 

49. Given the analyses of a number of samples of coal- 
carbon, hydrogen, oxygen, and nitrogen, calculated as per- 
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centages, independently of ash, sulphur, phosphorus and 
moisture, and the moisture given as a percentage of the 
whole, how would you be able to distinguish in a general 
way between lignite, long-flaming bituminous coal, caking 
coal, semi-bituminous coal, and anthracite ? (B. of £.) 

50. Express the chemical composition of the following 
gases by means of the usual symbols : Carbon dioxide 
(carbonic acid gas), carbon monoxide (carbonic oxide), marsh 
gas (fire-damp), sulphuretted hydrogen. Under what cir- 
cumstances may one or more of these gases occur in a mine ? 
How can the presence of each be detected in a summary 
manner? What effect is produced if any one of them is 
allowed to accumulate in a mine in which naked lights are 
used? (B. ofE.) 

51. What is the composition of {a) dynamite, (b) blasting- 
powder ? What is the essential difference between their 
modes of ignition ? (B. of E.) 

52. What are the two most deleterious gases most com- 
monly met with in coal mining ; their chief properties, special 
danger from each ; in what places are they most likely to be 
found, and how is their presence detected? (C. M.) 

53". What is atmospheric air? Describe its chemical 
composition ; give weight of a cubic foot of air when tempera- 
ture is 32°. Describe uses of barometer and thermometer. 
(C. M.) 

54. What is the specific gravity of nitrogen gas ? Describe 
its properties and state its effect on the oxygen of the 
atmosphere. (C. M.) 

55. What is oxygen gas ? State specific gravity and various 
properties of the gas. (C. M.) 

56. What is carbonic acid gas ? Give the different names 
of this gas in connection with mining, and state how it is 
produced. State the chemical composition of this gas, viz., 
by atoms and by weight. What percentage of this gas mixed 
with air renders it dangerous to life to breathe, and to ex- 
tinguish lights ? What is the specific gravity of the gas, and 
where is it likely to be found in mines and shafts ? (C. M.) 
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57. Proto-carburetted Hydrogen. — What is this gas called 
in mining ; what is its chemical composition, by atoms and 
by weight, and its specific gravity ? Can it be breathed in 
the pure state ; what percentage of this gas is required to be 
mixed with air to enable you to detect its presence in the 
flame, and what proportion of air to the gas renders the ex- 
plosive force greatest? State what gases, when present, 
lessen the explosive force of the gas. Where would you 
expect to find this gas in a mine? (C. M.) 

58. What is after-damp? What are the gases contained 
in this gas? Will this gas support either life or combus- 
tion ? (C. M.) 

59. What is carbonic oxide? State the composition by 
atoms and weight. What is the specific gravity ; what effect 
has it on animal life ; is this an inflammable gas, and does 
it support combustion ; how is this gas produced ? (C. M.) 

60. What is spontaneous combustion, or gob-fires in a 
mine; how are they produced? (C. M.) 

6t. Suppose in making an examination of workings, wastes 
or old roads, you discovered a gas near the roof of a mine, 
which extinguished your lamp without exploding, what gas 
would this be ? (C. M.) 

62. Explain the action of the siphon, and its use and 
application in draining mines. (C. M.) 

63. Describe the gases you expect to meet in a mine. 
(C. M.) 

64. What part of a mine would you expect to find carbonic 
acid or black-damp, and how would you deal with a body of 
the gas? State its effects on animal life. (CM.) 

65. What is carbonic oxide? How is this gas produced 
in mines, and what effect has it on animal life ? (C. M.) 

66. State fully how you would examine a place for gas. 
What is the smallest proportion that will show a cap ? At 
what proportion does it begin to explode, and what propor- 
tion will extinguish a light? (C. M.) 

67. If the air in a mine contains enough fire-damp to show 
a "cap" which is only just perceptible, what additional per- 
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centage of gas will suffice to make the mixture highly ex- 
plosive? (C M.) 

68. How do spontaneous fires occur in mines; how is 
their presence first detected? (C. M.) 

69. State your experience with the barometer and thermo- 
meter in connection with mining. Suppose you have a mine 
100 yards in depth and another 250 yards in depth ; what 
will the difference in the reading of the two depths be? 
What is a thermometer, and how is the ventilation of the 
mine affected by the changes of this instrument ? (C. M.) 

70. What is atmospheric air ? Describe its chemical com- 
position. (C. M.) Is there any variation of this air? If so, 
how does it affect the ventilation of mines ? 

7 1 . State your experience in regard to blasting in fiery and 
dusty mines, and in non-dusty mines. Name the explosive 
you have been accustomed to. What examinations are neces- 
sary before blasting in gassy and dusty mines ? (C. M.) 

72. What is the difference between furnace and fan venti- 
lation? (C. M.) 

73. What is a " dynamo " and what is a " motor " ? (C. M.) 

74. In what way may danger arise from coal dust in 
collieries ? (C. M.) 

75. If 100 cubic inches of air weigh 31 grains Troy under 
a barometric pressure of 30", what will 100 cubic inches 
weigh at a higher altitude, where the barometer stands at 26" 
without any change of temperature ? (C. M.) 

76. To what extent will 2000 volumes of gas expand if the 
barometric pressure fall from 30.15" to 29.30"? (C. M.) 

77. Certain mixtures of fire-damp and air explode feebly, 
while others again are highly explosive. How is this so? 
Give chemical formula for a perfect explosion. (C. M.) 

78. A volume of air measures 30,000 cubic feet, and con- 
sists of 79 per cent, nitrogen, 20.9 per cent, oxygen, and .1 
per cent, carbon dioxide. How many cubic feet of each 
gas is present ? 

79. Enumerate the noxious gases found in collieries, and 
state the composition of each. (C. M.) 
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ABSOLUTE zero, 24 
Absorbents of moisture, 27 
Accumulators, 136, 137 
Acetylene lamps, 76 
Acid in boilers, 47 

— waters, 46 

Acids, constitution of, 49 
After-damp, 61 

— CO in, 55 

— CO2 in, 56 

— N in, 35 

Air, amount required in burning, 
120 

— humidity of, 27 

— estimation of moisture in, 27 

— saturation of, 30, 36 

— chemical properties, 31 

— composition of, 31 

— oxygen got from, 34 

— substances present in, 36 

— impurities in, 37 

— ammonia in, 38 

— nitric acid in, 39 

— ozone in, 39 

— sulphur compounds in, 39 

— amount breathed out, 77 

— supply in ventilation, 78 

— and combustion, 79 

— burning in coal gas, 79 

— thermometer, 22 

— liquid, as explosive, 93 
Alum, 123 

Aluminous shales, 123 
Ammonal, 95 
Ammonia in air, 38 

— from coal, 102, 108 

— sulphate of, 108 
Ammonite, 92, 93 
Ammonium nitrate in explosives, 

87, 88, 92 



Amvis, 93 

Animal charcoal, 52 

— test for CO, 55 
Ansell's detector, 26 
Anthracite, 99 

— and spontaneous combustion, 82 
Antidote for CO poison, 54 
Aqueous vapour, 36 

Arc lamp, 138, 139 
Ash in wood, 105 

— in coal, 98, loi, 102, 106, 112 

— in coke, 104 

— in cannel, 100 

— colour of, 112, 113 

— in peat, 105 
Atmosphere, i 

— weight of, I 

— pressure of, 2 



BAROMETER, 3 
— aneroid, 4 

— glycerine, 4 

— use of, 5 

— water, 4 

Batteries, primary, 131, 132 

— secondary, 136, 137 
Beehive oven, 103 
Bellite, 92 

Bichromate cell, 132 
Bisulphide of carbon, 107 

— of iron, 137 
Bituminous coal, 99, loi 

— coal and spontaneous combus- 

tion, 82 

— shales, 123 
Black damp, 55, 58 

— smoke, 102 

— smoke, CO in, 54, 102 

— smoke and loss ot heat, 54 
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Blackband ironstone, 126 
Blast furnace, coke in, 103 

— furnace gas, CO in, 55 
Blasting powder and CO, 83 
Blood test for CO, 55 

Blown out shot, and sound wave, 70 
Bobbinite 95 
Boiler scale, 46 

— water, treatment of, 47 

— zinc plates in, 47 
Boilers, grease in, 47 

— pitting of, 47 

— water for, 45 
Boiling-point and pressure, 12 
Bone black, 52 

Boyle's law, 8 

— law and ventilation, 78 
Breathing, products of, 57 

— amount respired, 77 
Bricks, refractory, 122 

— silica, 122 
Briquettes, 108 

British thermal units, 118 
Brimstone, 39 
Bull-dog, special, 95 
Bunsen battery, 133 
Bunsen's photometer, 75 



CALCINATION, 125 
Calorific value, 102, 116, 117 
Calorimeter, 116, 118 
Candle-power, 73 
Cannel, 100 
Capacity for heat, 19 
Carbon, 51 

— in steel, 51 

— air consumed by, 120 

— filament, 138 

— in coal, 98 

— bisulphide, 107 

— in peat and wood, 105 

— heating effect of, 118 

— in black damp, 58 
Carbon dioxide, 37, 55 

— dioxide at high altitudes, 38 

— dioxide in after-damp, 56 

— dioxide and flame extinction, 80 

— dioxide in aerated waters, 56 

— dioxide in fire extincteurs, 56 

— dioxide, dilTusion of, 56 

— doixide, dangerous amount of, 57 

— dioxide, effects of, on life, 58 



Carbon dioxide, tests for, 58 

— dioxide in air after breathing, 57, 

58 

— dioxide, preparation of, 58 

Carb mate of iron, 125 
Carbonates, 44, 45 
Carbonic oxide, 53, 54, 118 

— oxide, air consumed by, 120 

— oxide and black smoke, 54, 102 

— oxide, antidote for, 54 

— oxide from gob fires, 55 

— oxide in after-damp, 55 

— oxide in blast-furnace gas, 55 

— oxide, tests for, 55 

— oxide and blasting- powder, 83 

— oxide, effect of, on coal dust, 83, 

84 
Carbonite, 95 

Carburetted hydrogen, 60 

Cartridges, lime, 92 

Cells, 132, 133 

Cellulose, 105 

Centigrade degrees, 21 

Charcoal, 52, 53, 105 

— animal, 52 

— absorbent power of, 53 
Charles's law, 9 

— law and ventilation, 78 
Chemical welding, 140, 141 
Chemicals, common names of, 143 
China clay, 121 

Choke damp, 55 
Clay ironstones, 125 
Clays, 121- 1 23 
Clinker, 106, 107 
Clowes' lamp, 64-66 
Coal, 98 

— carbon in, 98, 102 

— specific gravity of, 98, 102, 1 10, 

III 

— total carbon in, 98 

— bituminous, 99, loi 

— flaming, loi 

— caking and non- caking, loi 

— splint, loi 

— steam, loi 

— house, loi 

— firing, loi 

— ash in, 98, loi, 102, 106, 112 

— calorific value of, 102 

— tar from, 102 

— ammonia from, 102, 108 

— brasses, 46, 81, 107 
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Coal, organic sulphur in, 107 

— washing, 107 

— nitrogen in, 98, 107, 108 

— carbon and hydrogen in, 98 

— sulphur in, 98, 1 14 

— oxygen in, 98, 106, 119 

— phosphorus in, 107 

— dust and its action, 82 

— dust, dangers of, 27 

— dust, enclosed gases in, 82 

— dust, explosions of, 82-85 

— dust and ventilation, 83 

— dust and explosives, 83 

— dust and fire damp, 84 

— gas, air burning in, 79 

— gas and air, ignition point, 71 
Coefficient of expansion, 14 
Coil, induction, 133 

Coke, 52, 102, 113 

— yield of, 98, 103 

— from cannel, 100 

— from slack, 103 

— in blast furnace, 103 

— and spontaneous combustion, 103 

— ash, S.P. and N. in, 104 

— volatile matter in, 104 
Colza oil, 71 
Combustion defined, 79 

— spontaneous, 81 

— effects of temperature on, 65 
Common names of chemicals, 143 
Combined water, 122 
Compressed air, 97 

— hydrogen, 64 

— oxygen, 34 
Condensers, 43 
Conduction, 16 
Conductors, secondary, 139 
Contraction, 15 
Convection, 17 
Copperas, 124 
Coronite, 95 

Corpse light, 62 
Corrosion of boilers, 47, 48 
Cubical expansion, 14 
Current, magnetic, effects of, 129 

— primary and secondary, 133 

— velocity of air, 70 



DANIELL'S hygrometer, 29 
Dangers of coal dust, 27 
Davy lamp, size of gauze, 69 



Declination, 128 

Density, maximum, of water, 42 

— of gases, 1 1 
Detonators, 88 
Dew point, 30 
Diamond, 52 
Diffusion of COg, 56 

— of gases, 25 
Dip of needle, 128 
Distillation, 43 
Dragonite, 95 

Dust, coal, 27, 82, 84 
Dynamite, 90, 91 
Dynamo, 135 



EARTH'S crust, 35 
Elastic force of vapour, 13 
Electric bell, 131 

— lamps in explosive gases, 

138,139 

— current, chemical properties of, 

128 

— firing, 88, 89 

— welding, 140 
Electrical ignition of lamp, 73 
Electrolysis, 129, 137 
Electrolytic gas as explosive, 93 
Electro-magnets, 130 

— plating, 129 

— typing, 129 

English units and metric system, 

144 
Epsom salts, 45 
Expansion of water, 42 

— cubical and linear, 14 

— coefficient of, 14 
Experiments with coal dust, 83 
Exploder, high tension, 89 
Explosion, gases produced by, 61 

— of coal dust, 82, 83 
Explosive, liquid air as, 93 

— wave transference, 84 

— mixture, conditions for, 86 

— force of gunpowder, 90 

— dynamite, 90 

— mixture of fire-damp and air, 

60 

— mixture, electric lamps in, 138, 

139 
Explosives, chemistry of, 86 

— deficient in O, 86 
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Explosives, properties of, 87 

— high, 87, 88 

— mechanical effect, 87 

— classification of, 87 

— Sprengel, 88 

— Low, 88 I 

— composition, preparation, and ' 

properties, 89-96 

— and coal dust, 84 

— permitted, 93 



FAHRENHEIT degrees, 21, 24 
Filament carbon, 138 
Filtration, 43 
Fire extinguishers, 56 
Fire-damp, 60 

— and coal dust, 84 

— gases produced by explosion, 61 

— tests for, 62, 65, 67 

— action on flame, 62, 65 

— dilution with air, 63 

— indicators, 26, 68, 69 

— action on platinum, 68 

— and air, ignition point, 71 

— amount of air to bum, 120 
Firing, electrical, 88, 89 
Firing of coal, 10 1 

Flame, products of, 37, 57 

— action of O on, 64 
Flaming coals, loi 
Flash-point of oils, 72 
Fuels, liquid, 106 
Fulminate of mercury, 88 
Furnace ventilation, 78 

Fuse and safety explosives, 88 



GALVANIC action, 48 
Galvanometer, 129 
Canister, 124 
Gas, occluded, 49 

— carbon, 52 

— from ponds, 60 

— per cent, shown by Clowes' lamp, 66 

Gaseous diffusion, 25 

Gases and flame extinction, 80 

— effect of pressure on, 8 

— effect of temperature on, 9 

— density of, 1 1 

— specific gravity of, 1 1, 144 



Gases produced by flame, 37, 57 

— enclosed in coal dust, 82 

— after explosion of coal dust, ^"^ 

— produced by gunjx)wder, 89 

— produced by breathing, 57 
Gauze, purpose of, in lamp, 69 

— size of, for l^mps, 69, 70 
Gelignite, 91 

Gob fires and stink damp, 77 

— fires, carbonic oxide from, 55 
Graduation of thermometers, 20 
Granite, 126 

Graphite, 52 
Green vitriol, 124 
Grove's cell, 133 
Guncotton, 90 
Gunpowder, 89, 90 
Gypsum, 107 



HALL'S, Mr, experiments with 
coal dust, 83 
Hard scale, 46 
Hardness of water, 44 
Heat, effect on solids, 15 

— produced by explosives, 87 

— conduction of, 16 

— specific, 19 

— latent and sensible, 19, 20 

— convection and radiation, 18 

— reflection of, 17 

— measurement of, 20 

— quantity and intensity of, 20 

— unit, 118 

Heating effect of oils, 106 

— value of coal, 102 

— power of fuel, 116, 117 

— power, calculation of, 118 

— power of carbon, etc, 118, 120 
Ilellhoffite, 91 

H igh explosives, 87, 88 

— tension firing, 88, 89 
House coal, loi 
Humidity of air, 27 
Hydration of lime, 92 
Hydrocarbons, 60, 82, 102, 103, 113 
Hydrogen, 48 

— compressed, 64 

— lamp, 64 

— in coal, 98 

— heating power of, 118 

— and flame, 57, 80 
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Hydrogen from water, 48 

— preparation and properties, 48 
Hygrometer, Daniell's, 29 

— Mason's, 26 



T GNITION point, 71 
A Illuminating oils, 71 

Impurities in air, 37 
Incandescent lamp, 138, 139 
Inclination, 128 
Indicator for CH4, 68 
Induction, 133 
Insulation, 129 
Iron carbonate, 125 
— pyrites, 39, 81, 107, 124 
Ironstones, 125 



T^IESELGUHR, 90 



LAMP, arc, 138, 139 
— oil, 65, 72 

— Clowes', 64 

— Naylor's, 72 

— Nemst, 139 

— Sussman, 137 

— incandescent, 138, 139 

— candle-power of, 73 

— electrical ignition, 73 

— experiments with, 138, 139 
Lampblack, 52 

Latent heat, 19 
Leclanche cell, 132 
Leslie's thermometer, 22 
Lignite, 105 
Lime cartridges, 92 

— phosphate of, 52 

— sulphate of, 44, 107 
Limestone, 51 
Lime-water test, 58 
Linear expansion, 14 
Liquid air, 93 

— fuels, 106 

List of permitted explosives, 93 
Liveing's indicator, 68 
Local action, 47 
Locks, magnetic, 131 
Lodestone, 127 



Low explosives, 88 
Low- tension firing, 88, 89 



MACKIE'S indicator, 68 
Magnesium sulphate, 45 

— chloride, 46 
Magnet, natural, 127 

— polarity of, 128 

— electro-, 130 
Magnetic oxide of iron, 42 

— needle, 127 

— attraction, 128 

— effects of current, 129 

— locks, 131 

— field, 135 

Magnietism, permanent, 130 
Magneto -electric machine, 135 
Marsaut lamp gauze, 70 
Marsh gas, 60 

— gas, amount of air to burn, 120 
Mason's hygrometer, 26 
Maximum density of water, 42 

— thermometer, 22 
Measurement of heat, 20 
Melting-points, 143 
Mercury, specific heat, 19 

— uses of, 20 

— fulminate, 88 

Metals, action of water, 42 

— rusting of, 35 

— specific gravity of, 142 
Meteorites, 49 
Methane, 60, 62 
Mineral matter, 98-104 
Minimum thermometer, 22 
Moisture absorbents, 27 

— estimation of, 27 

— in coal, 98, 1 1 1 

— in peat and wood, 105 
Motive column, 78 
Motor, 135 

Mueseler lamp gauze, 70 



NATURAL magnet, 127 
Naylor's lamp, 72 
Negro powder, 95 
Nemst lamp, 139 
Nitric acid in air, 39 
Nitrogen, properties of, 35 
— in after-damp, 35, 61 
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Nitrogen in compressed O, 97 

— in coal, 98, 107, 108 

— in coke, 104 

— and flame, 80 
Nitro-cellulose, 87, 88 
Nitro-glycerine, 86, 87, 91 
Nobel- Ardeer powder, 95 
Non-caking coals, loi 



OCCLUSION of gas, 49 
Ochrey waters, 46 
Oil for lamps, 65 
Oil of vitriol, 40 
Oils, heating effect of, 106 

— sulphur in, 106 

— shale, 124 

— illuminating, 71 

— flash-point of, 72 

— petroleum, 51 
Organic sulphur in coal, 107 
Oxidising agents, 86, 87 
Oxygen, preparation and proper- 
ties, 33, 34 

— from air, 34 

— solubility in water, 35 

— deficiency in explosives, 86 

— compressed, N in, 34, 97 

— in coal, 98, 106, 1 19 

— in pneumatophores, 96 

— action of, on flame, 64 
Ozone in air, 39 



PAINT, blackening of, 76 
Peat, 105 
Permanent hardness, 44 

— magnetism, 130 
Permitite, 95 
Permitted explosives, 93 
Petrifaction, 45 
Petroleum oils, 51 
Phosphate of lime, 52 
Phosphorus in coal, 107 

— in coke, 104 

— in peat, 105 
Photometers, 74, 75 
Photosphere of sun, 49 
Pieler lamp, 68 
Plants, effect on air, 37 
Plasticity of clays, 122 



Platinum, action of CH4 on, 68 

Pneumatophores, 34, 96, 97 

Poison valley, 57 

Poisonous action of white damp, 53 

Polarity of magnets, 128 

Powder, smokeless, 92 

Pressure, ventilating, 78, 79 

Primary batteries, 131 

— current, 133 

Priming, 89 

Pure water, 43 

Pyrites, iron, 81, 107, 124 



RACK-A-ROCK, 91 
Radiation, 17 
Rain water, 43 
Rates of explosion, 90 
Reaumur scale, 2 1 
Reflection of heat, 17 
Refractory materials, 123 
Respiration, air used in, 77 
River water, 43 
Roburite, 91, 95 
Rocks, weathering of, 121, 126 
Rumford's photometer, 74 
Rusting of metals, 35 
Ryhope Colliery, dust at, 82 



SAFETY explosives and fuse, 88 
Safety-lamp gauze, 69 
Saturation of air, 30, 36 
Scale, boiler, 46 
Secondary batteries, 136, 137 

— current, 133 

— conductors, 139 
Semet-Solvay, 102, 103 
Shale oils, 124 
Shales, 121, 123 
Silica brick, 122 
Silicates, 121 

Silver, tarnishing of, 76 
Siphon, 5 

Skelmersdale, experiments at, 83 
Slack, coke from, 103 
Smoke, black, 102 

— production, loi 
Smokeless powder, 92 
Solenoid, 130 

Solids in water, 13, 43, 46 
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Sound wave from shot, 70 
Special bull-dc^, 96 
Specific gravity of coal, 98, 102, 
no, III 

— gravity of gases, 11, 144 

— gravity of metals, 142 

— heat, 19 
Splint coals, loi 
Spontaneous combustion, 81 

— and ventilation, *j*j 

— and various coals, 82 

— and coke, 103 

— and coal brasses, 81 
Spring waters, 45 
Sprengel explosives, 88 
Stalactite, stalagmite, 45 
Standard temp, and pressure, 1 1 
Steam, decomposition of, 42 

— coals, 1 01 

— raising coke for, 103 
Steel, carbon in, 51 
Stink damp, 76, 77 
Sty the, 55, 58 
Sublimation, 40 
Sulphate of lime, 44 

— of magnesia, 45 

— of alumina, 107 

— of ammonia, 108 

— of lime, 107 

— ^. of barium, 114, 115 
Sulphides, 39 

Sulphur in coal, 98, 102, 104, 107, 
114 

— in coke, 104 

— in oils, 106 

— compounds in air, 39 

— forms of, in coal, 107 

— air required by, 120 

— dioxide, 39 
Sulphuretted hydrogen, 76 
Sulphuric acid, 40, 107 

— m boilers, 47 
Sun's photosphere, 49 
Susmann lamp, 137 



TARNISHING of silver, 76 
Telephone, principle of, 134 
Temperature and combustion, 65 
Temperatures, estimation of, 142 
Temporary hardness, 44 
Tension of vapour, 13 



Thermal units, 118 
Thermite, 141 
Thermometers, 20, 22 
Time fuse, 88 
Tonite, 91 

Total carbon in coal, 98 
Tuning-fork test, 69 



ULTIMATE analysis of coal, 98 
Useful tables, 142 



VALUATION of coal, 98 
Vapour, aqueous, 26 

— tension, 13 
Velocity of air current, 70 
Ventilation, need for, 77 

— and coal dust, 83 

— by furnace, 79 

— and spontaneous combustion, 77 

— volume of air supply, 78 

— and Boyle's law, 78 

— and Charles's law, 78 
Ventilating pressure, 78 
Vitriol, 40 

Vitriol, green, 124 

Volatile matter and firing, 10 1 

— hydrocarbons, 102, 103, 113 
Volume of air-supply, 79 



WASHING of coal, 107 
Waste gases in coking, 102 
Water, combined, 122 

— gauge, 78, 79 

— solids in, 13, 43 

— heating efficiency of, 19 

— expansion of, 42 

— rain, 43 

I — suspended matter in, 43 

, — river, 43 

I — solids dissolved by, 43 

— action of, on carbonates, 44, 45 

— hardness of, 44 

— spring, 45 

' — iron in, 45 

— manganese in, 45 

— for boilers, 45 
; — peaty, 46 

, — acid, 46 
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Water, ochrey, 46 

— treatment of, 46 

— softened, 47 

— hydrogen from, 48 

— composition of, 4 1, 42 

— action of metals on, 42 
Weathering action, 121, 126 
Welding, chemical, 140, 141 



Welding, electrical, 140 
Westphalite, 92, 95 
White damp, 53 
Wood, 105 



ZERO, absolute, 24 
Zinc in boilers, 47 
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C>mpn^e Tables, Formulae, Roles, and Data : A Handy Book of Reference 
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book, and he is really uniiTalled in the art of condensation. It Is very diffirnlt to hit upon any 
_ oeermg subject co ocw m ing iHikh this work anpiriias no infonnation, and the 
Index at the end adds to its utility. In one word. It is an exceedingly handy and e ffi ci en t 
' of which tlie engineer will be saved many a wearisome ciuculatkwi. or yet more 
hunt through various text*boe)ES and tieiHies, and, as such, we can heartily lerommend 
It to our feeders."— 7m Bnginttr, 
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" The author tmts erery subject from the point of riew of one who has collected wofksbop 
notes for application In workshop practice, rather than from the theoretical or literary aspect. The 
volume contains a great deal of that Idnd of information which is gained only by practical experience, 
«nd Is seldom written in books."— 77u Eneituer, June 5, 1885. 

" Of this edition we may repeat the appreciatlTe remarks we made upon the first and third. 
^Ince the appearance of the latter rery conndcrable modifications have been made, although the 
total number of pages remains almost the same. It is a very useinl rr»ll#«tion nf rules, tables, and 
workshop and drawing office data."— TA^ Eneineer. Mav 10. 1895. (Second Notice.) 

" The Tolume Is an exceedingly useful one, brimnil with engineer's notes, memoranda, and 
rules, and well worthy of being on every mechanical engineer's bookshelf."— Af«cA«Mf re/ tVorld. 

" The information is precisely that likely to be required in practice. . . . The work foms 
a desirable addition to the library not only of the werks' manager, but of any one connected with 
general engineering."— M'/MMt;^ jr^umai, 

" Irtmft " " 
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' Brimful of useAil information, stated In a concise form, Mr. Huttoo's books have met a 
pressing want among engineers. The book must prove extremely usdul to every practical man 
possessing a copy."— Practiemi Engifuur. 

THE PRACTICAL ENGINEER'S HANDBOOK. 

Comprising a Treatise on Modem Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a large collection of Rnles^ and Practical 
Data relating to Recent Practice in Desi^i^ning and Constructing all kinds oA 
Engines, Boilers, and other Engineering work. The whole constituting a com- 
prehensive Key to the BoarH of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineering. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of "The Works' Manager's Handbook 
for Engineers." &c. With upwards of 400 Illustrations. Sixth Edition. 
Revised and Enlarged. Medium 8vo, nearly ^6o pp., strongly bound. 18/0 

BH^ This Work is designtd as a companion to th$ Author's "Works' 
Managi^r's Handrook." It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publication 
but collected by the Author for his own uu in the construction of a great variety of 
MoDRRN Enginrkring Work. 

The information is f^iven in a condensed and concise form, and is illustrated by 
upwards of 430 Engravings : and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Enginbs, Boilkrs, 
and OTHKK Enginbbring Work. 

" We have kept It at hand^or several weeks, referring to It as occasion arose, and we have not 
on a single occasion consulted its pages without foding the information of which we were In quest" 
—A/kenautH. 

" A thoroughly good practical handbook, which no engineer can go through without leacnlng 
something that will Se of service to Mm." "Marine Engineer. 

" An excellent hook of reference for engineers, and a valuable text-book for students of 
engineering. "Scctunan . 

"This valuable manual embo^yes the results and experience of the leading authorities oa 
mechanical engineering."— AwtV<i/m;p ffews. 

" The author has coOected together a surprising quantity of rules and practical data, and has 
shown much judgment In the se^errlons he has made. . . . There fat no doubt that this book is 
one of the most useful of Its kind published, and will be a very popular compendium."— /iM«if*Mr*.' 

" A mass of Information set down hi simple Unguage. and in such a form that It can be easily 
referred to -it any time. The matter is uniformly good and well chosen, and Is greatly efaictdar«'-i 
by the illuvnitions. The book will find its way on to most engineers shelres, where It will rank as 
one cf the most uaeful books of reference." — Practieml Engineer. 

" FuH of useAiI Informatinn. and should be found on the office shelf of afl ptactleal engineers 
•^English Mechanic. ^ 
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MR. MUTTON'S PRACTICAL HANDBOOKS-con«»««rf. 



STEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler>Makers, and Steam Users. 
Containing^ a large Collection of Rules and Data relating to Recent Practice 
in the Design, Constructicm, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 
Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 
Fourth Exiition. carefully Revised, and Enlarged. Medium 8vo, over 680 pages, 
cloth, strongly bound. [Ji*st Puhlishsd. 1 8/0 

99^ This Work is issusd in contmnation of tht Series of Handbooks written 
tty the Autkor,vis. : — "The Works' Manager's Handbook " and " The Practical 
Engineer's Handbook," which are so highly appreciated by engineers for the 
practical nature of their information ; and is consequently written in the same style 
as those works. 

The Author believes that the concentration, in a convenient form for easy 
ra/^rence, of such a large amount of thoroughly practical in/ormatum on Steam- 
Boilers, wiu be of considerable service to thou for whom it is intended, and he trusts 
ths book may be deemed worthy of as favourable a reception as has been accorded to 
Us predecessors. 

" One of the best, if not the best, books on boilers that has ever been published. The Infor- 
mation is of the rififht khid, in a simple and accessible fonn. So far as generation is concerned, this 
Is, undoubtedly, the standard book on steam practice."— Eiectricai Review. 

" Everjr detail, both in boiler design and management, is clearly laid before the reader. The 
voiunie shows that boiler construction has been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the /In de siicle Engineer and Works Manager." 
^Marine Enginur. 

" There has long been room for a modem handbook on steam boilers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied 
ia the construction, design, selection, or use of boilers." — Engineer. 

" The book is of so important and comprehensive a character that it must find its way into the 
libraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly 
iotormed. We strongly recommend the book for the intrinsic value of its contents."— JfacA«M«ry 
Market. 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formula in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Tbmpleton, Author of 
" The Engineer's Practical Assistant," &c., &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of "The Works' Manager's Handbook,'^ "The Practical Engineer's Hand- 
book," &c. Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illus« 
trative Diagrams, strongly bound for workshop or pocket wear and tear . 6/0 

" In its modernised form Hutton 's ' Templeton ' should have a wide sale, for it contains much 
valuable information which the mechanic will onen find of use, and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of * Templeton.'"— £»^/*j'A Mechanic. 

" It has met with great success in the engineering workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe tbeur rise in hfe to this Uttie book." — Building 
Newx. 

" This familiar text .book — well known to all mechanics and engineers — ^Is of essential service 
to £)ie every-day requirements of engineers, miUwrij^hts, and the various trades connected with 
engineering and building. The new modernised edition is worth its weight in gold."— Buildtng 
isfews. (Second Notice.) 

" This well-known and largely-used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsmian. So much fresh information has been introduced as 
to constitute it practically a new book. It will be largely used in the office and worlcshop."— 
Meclumical World. 

" The publishers wisely entrusted the task of revision of this popular, valuable, and useful 
bo<A to Mr. Hutton, than whom a more competent man they could not have found." — Iron, 



BNGINEER'5 AND MILLWRIGHT'S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By William Templeton 
Eighth Edition, with Additions. xSmo, cloth 2/6 

"Occupies a foremost place among books of this kind. A more suitable present to an 

Btice to any of the mechanical trades could not posriblv be voaAa^*— Building News. 

" A deservedly popular worlc It should be in the ' drawer ' of every mechaxuc" —SneUsk 

A a 
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THB MECHANICAL BNQINEER'S REFERENCE BOOiC. 

For Machine aad Boiler Coostmctioo. In Two Parts. Part I. Gbmbsal 
Bncinkbking Data. Part II. Boilbk CoNSTRixrrioN. With 51 Piates and 
numerous Illustrations. By Nblson Folbt, M.I.N. A. Second Edition, 
Revised throughout and much Enlarged. Folio, half-bound . yet £8 8sa 

PART I.— MBASURBS.— ClXCUMFBRBNCBS AND ARBAS, &C. SQUARBS; CUBBS, 

Fourth powbrs.— Squarb and cubb roqts.— surpacb op tubb&— rbciprocals.— 

LOGARrrHMS. — MBNSURATION. — SPBCIPIC GRAVmBS AND WBICHTS.— WORK AND 

POWBR. — HBAT.— Combustion.— Expansion and Contraction.— expansion op 
GASBS.—STBAIC.— Static Forcbs.— Gravitation and An-RAcnoN.— Motion and 
Computation of resulting forcbs.— accumulated Work.— Cbntrb and RAorus 
OF Gyration.— MOMBNT of Inbrtia— Cbntrb of Oscilxation.— ELBCTRicmr.— 
Strbncth of Materials.— elasticity.— Tbst Shbbts of Metals.- Friction.— 
Transmission of Power.— Flow of Liquids.— Flow of Gasbs.— Air pumps. Surfacb 
Condensers, &c.— Speed of Steamships.— Propellers.— Cutting Tools.— Flangrs 
—Copper Sheets and Tubes.— scrbws. Nuts, bolt heads, &c.— Various rbciphs 
and Miscellanbous Matter.- With DIAGRAMS for Valvb-Gear. Belting and 
ROPBS, Discharge and Suction Pipes. Screw propbllbrs, and Copper pipbs. 

part II.— Treating of Power of Boilers.— Useful Ratios.— Notes oh 
Construction. — cylindrical boiler shells. — circular furnaces. — flat 

Plates Stays. — Girders.— screws. — Hydraulic Tests. — Riveting. — boilbr 

Setting. Chimneys, and mountings.— Fuels, ftc— examples of boilers and speeds 

OF STBAMSHIPS.— NOMINAL AND NORMAL HORSE POWER.- WITH DIAGRAMS FOR ALL 

Boilbr Calculations and Drawings of many Varieties of Boilers. 

*' Mr. Folejr U weQ fitted to cornice such a work. The diagrams are a great feature of the 
work. It may be stated that Mr. Foley has produced a vvdume which will undoubtedly fulfil the 
desire of the author and become indispensable to all merhanical engineers."— Afar^w Engineer. 

" We haTB carafuDv examined this work, and pronounce it a most excellent reference book 
for the use of marine engmeen.'*— 7m<«'*m^ •/Amtrican Soa'tfy o/NamU Bitgineers. 

TEXT-BOOK ON THE STEAM ENGINE. 

With a Supplement on Gas Engines and Part II. on Hbat Enginbs. By 

T. M. Goodbye, M.A., BaiTister-at-L»aw, Professor of Mechanics at the Koral 

College of Science, London ; Author of " The Principles of Mechanics," " The 

■ Elements of Mechanism," &c. Fourteenth Edition. Crown 8 vo, cloth . 6/0 

** Profisssor Goodere has given us a treatise on the steam engine, which will bear comparison 
with anything written by Huxlev or Maxwell, and we can award it no higher ^pnaai6."—Engituer. 

** Mr. Goodeve's text-book is a work of which every young engineer should possess himself." 
—Mining yournal. 

ON QAS ENGINES. 

With A(>pendix describing a Recent Engine with Tube Igniter. By T. M. 

GooDBVB, M.A. Crown Ivo, cloth 2/6 

" Like aU Mr. Goodeve's writings, the present is no exceptkm In point of general ezceDeoce. 
It is a valuable little volume."— AftcAaMieo/ IVarU. 

GAS AND OIL ENGINE MANAGEMENT. 

A Practical Guide for Users and Attendants, being Notes on Selection, 
Construction, and Management. ^ By M. Powis Bale, M.I M.E., A.M.I.C.E. 
Author of •* Woodworking Machinery," &c. Crown 8vo, cloth. 

Uust Published, Net 3/6 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W. 
« Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

iVe<8/6 
A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, CE 

Fifth Edition. lamo, cloth 6/0 

" The best treatise that has ever been published on steam boilers."— £>^M«(r. 

THE MECHANICAL ENGINEER'S COMPANION. 

Of Areas, Cirounferences, Decimal Equivalents, in inches and feet, millimetres, 

auares, cubes, roots, &c ; Strength of Bolts, Weight of Iron, &c ; Weights, 
easures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Edwards, M.Inst.C.E. Fcap. 8vo, cloth. 3/6 

"A very useful little volume. It contains many tables, Ha^fi^ data and memoranda 
generally useful to engineers."— £M«4iH«rr. 

"^y>«« tt PtofaMee to be, • a handy office compuiloo. gMng tai a sncalnct foim a vaitecy of 
information likely to be requited by mechanical engineers In their everyday office work."— Ar««i«r». 
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A HANDBOOK ON THB 5TEAM ENGINE. 

With especial Reference to Small and Mediain*sized Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Habdbr, C.E. Translated from the German 
with additions and alterations, by H. H. P. Powles, A.M.I.C.E., M.I.M.E. 
Third Edition, Revised. With nearly z,ioo Illustrations. Crown 8vo, 
cloth I^ei 7/6 

" A perfect encyclopaedia ef the steam eneine and Its details, and one which must talce a per* 
manent race in English drawinc'-offices and woncshops."— ^ Foreman Pattern-maker. 

" This is an excellent book, and should be in the hands of ail who are interested in the con« 
strdction and design ef medium-sized stationary engines. ... A careful study of its contents and 
Che arrangement of the sections leads to the conclusion that there is probably no other bctok lUw it 
in this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete achievement of this xdeA."— Nature. 

" There can be no question as to its value. We cordially commend it to all concerned in the 
design and construction of the steam eofpsxe,"— Mechanical JVorld, 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a chapter on LighlM/ng Conductors, 
By Robert Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," &c. 

Crown 8vo, cloth 3/6 

" A valuable contribution to the literature of scientific building."— rA« Builder. 

BOILER MAKER'5 READY RECKONER & A55I5TANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Courtney. Edited by D. K. Clakk, 
M.I.C.E. Fourth Edition, 480 pp., with 140 Illustrations. Fcap. 8vo, half- 
bound 7/0 

" No workman or apprentice should be without this hook."^/roH Trade Circular. 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Tayler, A.M.Inst.C.£., Author of " Refrigerating and Ice-Making 
Machinery." 600 pp., with 360 Illustrations. Medium 8vo, cloth. /^Tei 1 5/0 

"The author has to be congratulated on the completion and production of such an impor> 
tant woriL and it cannot fail to have a large body of readers, for it leaves out nothing that would in 
any way be of value to those interested in the subject." — Steamship.. 

" No one whose duty it is to handle the mammoth preserving installations of these latter days 
can afford to be without this valuable book."— Glasgow Herald, 

THE POCKET BOOK OP REFRIGERATION AND ICE- 

MAKINQ. 

By A. J. Wallis-Tayler, A.M.Inst.C.E. Author of *' Refrigerating and Ice- 
making Machinery," &c. Third Edition, Enlarged. Small Crown 8vo, cloth. 

\Just PublUhed. Net 3/6 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tayler, 
A.-M. Inst. C.E. Third Edition, Enlarged. Crown 8vo, cloth . . 7/6 

"Practical, explicit, and profusely illustrated."— ^^cu-^^w Herald. 

" We recommend the book, whicti gives the cost of various systems and Illustrations showing 
details of parts of machinery and general arrangements of complete installations."— ^m>A^. 

" May be recommended as a useful description of the machinery, the processes, and of the 
facts, figures, and tabulated physics of refrigerating. It is one of the best compilations on the 
subject. —<£iv^'M«cr. 

ENGINEERING ESTIMATES, C05T5, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 
A General Manager. Second Edition. 8vo, cloth 12/0 

•• This is an excellent and very usefid book, covering subject-matter in constant re^uldtlon in 
•very factory and worlcshop. . . . The book is invaluable, not only to the young engineer, but 
also to the estimate department of every wotki." —Builder. 

" We accord the work unqualified praise. The information Is given In a plain, straightforward 
awniMW, and htan throughout evidence of the intimate practical acquaintance Of the author with 
•veiy plUM of commercial engineering. "•^MechanUal frorUU 
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THE MECHANICAL HANDLING OF MATERIALS. 

A Comprehensive Treatise on Liftin^^ and Conveying Machinery and 
Appliances. By G. F. Zimmbr, Consulting Engineer. Super Koyal 8vo, with 
over 200 Illustrations. {In the Press. Price ei^out 25/0 fi^f- 

HOISTING MACHINERY. 

An Elementary Treatise on. Including the Elements of Crane Construction 
and Descriptions of the Various Types of Cranes in Use. By Joseph 
Horner, A.M I.M.E., Author of *' Pattern-Making," and other Works. 
CrowB 8vo, with 215 lUustrationsi including Folding Plates, cloth. Net 7/6 

AERIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management. By A. J.Wallis-Tatubs, A.M.Inst.C.B. 
With 81 Illustrations. Crown 8vo, cloth 7/6 

" An excellent volume, an i a veiv good exposition of the various systems of rope transmission 
ill use, and gives as well not a little valuable tnfonnation about their working, repair, and manage 
nient We can safely recommend it as a useful general treatise on the subfect."— J^mtmc'. 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

ROAD5. 

By A. J. Wallis-Tavlkr, A. M.Inst. C.E. ai2 pp., with 76 Illustrations. 

Crown 8vo, cloth 4/6 

" A work that an engineer thinkinp^ of turning bis attention to motor^arriage work, would 
do well to read as a preHminary to startmg operations."— £M^>i««r«fl^. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Wwkshop Operations. By Joseph G. Hormbr, 

A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth 7/6 

** This work is characterised by that evidence of ckoe acquaintance with worlcshop methods 
^hicb will render the book exceedingly acceptable to the practical hand. We have no hesitation 
in commending the work as a serviceable and practical handbook on a subject whkh has not 
hitherto received much attention from those qualified to deal with it in a satistectory manner."— 
Mechanical World, 

PATTERN MAKING. 

Embracing the Main Tjrpes of Engineering Construction, and including 
Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, Screws, 
Machine PartSj Pumps and Cocks, the Moulding of Patterns in Loam and 
Greensand, Weight of Castings, &c. ByJ. G. Hornkr, A.M.I.M.E. Third 
Edition, Enlarged. With 486 illustrations. Crown 8vo, cloth. . Net 7/6 

" A well-written tedmlcal guide, evidently written by a man who understands and has piac> 
ttsed what he has written about. . . . We cordially recommend it to enginecsing students, young 
journeymen, and others desirous of being initiated into the msrsteries of pattem-maldng.''-- ^w^/iirr. 

"An excellent vad* mecutH for the apprentice who desires to become master of his trade." 
—English Mechanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary of). Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Tiuming, Smiths', and Boiler Shops, &c Com> 
prising upwards of 6,000 Definitions.^ Edited by J. G. Hornbr, A.M.I.M.E. 
Third Edition, Revised, with Additions. Crown 8vo, cloth . . Net 7/6 

" Just the sort of handy dictionary required by the various trades engaged in "MtrhantriJ en- 
dneering. The practical engineering pupil will find the book of great vahieln nis tt^tdifft, and every 
fjteman engineer and mechanic shoiua have a copy."—Build4n£ News. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By J. Hobnkr, A.M.I.M.E. 

Second Edition, with a new Chapter on Recent Practice. With 184 lUusura- 

tions. Crown 8 vo, cloth. \Just Published, 6/0 

" We give the book our unqualified praise for its thoroughness ot treannent, and recommend 

it to all interested as the most practteal book on the subject yet written.''^ Mechanical World, 

FIRE5, FIRE-ENGINE5, AND FIRE BRIGADE5. 

With a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Foreign Fire Systems ; Hints on Fire- Brigades, &c By C. F. T. 
Young, C.E. 8vo, cloth ggl 4^^ 

** To such of our readers as are mteresced In the subject of fires and fire appaiatna we can 
luoat heartily commend this book."— £fiv^tMMri«v 
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AERIAL NAVIGATION. 

A Practical Handbc>ok on the Construction of Dirigible Balloons, A&ostats, 
Aeroplanes, and Aeromotors. By Frederick Walker, C.£., Associate 
Member of the Aeronautic Institute. With 104 Illustrations. Large Crown 
8vo, cloth Ntt 7/6 

STONE-WORKINQ MACHINERY. 

A Manual dealing with the Rapid and filcocomical Conversion of Stone. With 
Hints on the Arrangement and Management of Stone Works. By M. Powis 
Balk, M.I.M.E. Second Edition, enlarged. Crown 8vo, cloth . . 9/0 

" The book should be tn the hands of every mason or student of atoniewotk."-^0M*ry 
Cuanlian. 

" A capital handbook for all who manipulate stone Uxt buttdlns ot ornamental purposes."— 
Jfa«Wfw»> MmrJUt. 

PUMP5 AND PUMPINO. 

A Handbook for Pump Users. Being Notes on Selection, Construction, and 
Management. By M. Powis Bale, M.I.M.E. Fourth Kdiiiou. Crown 

8vo, cloth 3/6 

**The matter is set forth as oonclseiy as possible. In fact, cundensatlon rather than diffuse* 
ncss has been the author's aim throi^hout ; jret he does not s e e m to have omitted anything lilcaly to 
be of nse." — youmal 4/ G€u Lig-hting. 

" Thcroug^hly practical and clearly wnUtn."—CdtU£Oiv Herald. 

MILUNQ MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. By Paul N. Hasluck, 
Author of ' * Lathe- Work. '* With upwards of 300 Engravings. Large crown 8 vo, 

cloth 12/6 

'* a new departure in engineering literature. . . . We can recommend this wurk to all in- 
Mrested in milling machines ; it is what it professes to be — a practical treatise. " — Eng\ne*r. 

" A capital and reliable book which will no doubt be of considerable service both to thokt 
who are already acquainted with the process as well as to those who contemplate its adoptiuh." — 
btduttrvu. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 
the Art of Turning. By PaUi. N. Hasluck. Eighth Edition. Crown 8vu, 

cloth 6/0 

** Written by a man who knows not only how work ought to be duiie, but who also knows how 
to do It, and how to convey his knowledge to others. To all turners this book would be vahiaUe."— 

" We can safely recommend the work to young e n g i nee r s. To the amateur it will simply be 
in vainable. To the student it will convey a great deal of useful Information. "-^Enginur* 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and complete 
Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 
of " Lathe- Work," &c. Sixth Edition. Waistcoat-pocket size . .1/6 

" Fun of useful information, hints and practical criticism. Taps, dies, and screwing tools 
gene rally are illustrated and their action dcscrioed."— AfrrrAanica/ 14 or Id. 

" It is a complete compendium of all the detaUs of the screw-cutting lathe ; In fact, a MMAi*m* 
iit-fariM on all the subjects it treats upon."— Cay^«»iirr and Buildtr. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, &c. 

Selected and Arranged bv Francis Smith. Seventh Edition, Revised, including 
Elbctrical Tables, i> ormuua, and Memoranda. Waistcoat-pocket size, 
limp leather. [Just Pubitshtd. 1/6 

" It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulae 
to salt all engineers as it would be to make a uniTMsal medicbie ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successiul a.tXemot."—£ ngiptetr. 

" The best example we have ever mmm of 370 pages ot useful matter packed Into the dlmen- 
skMis of a card-case."— ^Mt^'M^' News. " A veritable pocket treai»ury of knuwied^e. "— ir<^. 

POCKET GLOSSARY OF TECHNICAL TERMS. 

English- French, French-English; with Tables suitable for the Architectmal, 

Engineering, Manufacturing, and Nautical Professions. By John James 

Fletcher. Third Edition, aoo pp. Waistcoat-pocket size, limp leather 1/6 

** It is a very great advantage for readers and f»rrespondentt in France and En g l a nd to ha\e 
so large sjuunber of the words relatuig to engineering and uianufactures collected In a ttUputtan 



The little book will be uaalul both to studena and traveUers. "—A rcJt*tet:i. 
- Ttie gknsarr of term* is v«r> cuuipietti, «uU uiauy of the Tables Are new ^nd well arranged. 
We cordially commaiid tne book. '-"MteMtHtcoi Hr»rid, 
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THE ENGINEER'S YEAR BOOK FOR 1905. 

Comprising Formnitt, Rulct, Tmbles, Data and Memofanda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Rbmpb, A.M. Inst. C.E., 
M.I.E.E., Principal Technical Officer, ^gineer-in-Chief's Office, General Poci 
Office, London, Author of "A Handbook of Electrical Testing," "Tha 
Electrical Engineer's Pocket-Baok," &c. With z,ooo Illustrations, medaOy 
Engraved for the work. Crown 8vo, 994 pp., leather, [/wsf Pn&Ushtd. 8/0 

"Kamptt'i Yoar Book ranlly requires so commendatioa. Its sphere of usefulness b widely 
known, and it is used t>y engineers tne world over.'— 7!t« ttngimeer. 

" rhe Toluine ik distUiccly In advance of most similar pabHcsdoiis in tibis oonmtiy.*^ 

" TItis valuable and weB-dericned book of >etomii:a meets the tWnandt of all dwariiptViM of 
oagiaeen."— «S«iMf^cjr Rtviem. 

** Teams with up^oklate Inftitmatkm In every branch of engineering and constractlan."*- 
BwiUimgNrmx. 

** The n eeds of the engineering ptofaarion could hardly be snppUed In a more adBahabla, 
complete and convenient form. To say tliat it mere tlun susrans all comparisoas is ptaise of the 
Ughest sort, and that may Justly be said of It"— IAwcmt yoHmml, 

" There is certainly room for tlie new comer, whkh suppUes ezplanatlana and (UieoHoos, as 
weO as fotmute and tables. It deserves to become one of the most successful of the teclmicai 
■nnuah '—ji rcMitteL 

" Brings together with great sUD all the technical informatioa whkh an engineer has to ose 
day by day. It is in every way admirably equipped, and is sore to prove successfiiL"— sSe Xri w ii i. 

" The up-to-dateness of Mr. Kempe's compilation is a quality that will not be lost en the bn^ 
people for wliom the work is intended."— <ril«<svsv Heraid. 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the use 

of Owners and Users of Steam Engines genendly. By Wilxjam Dtson 

Wansbkough. Crown 8vo, cloth 8/8 

** This is a woric of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a farm or elaewiiere. "—AfarA Lant Bxprtss. 

IRON AND STEEL. 

A Work for the Foige, Foundry^ Factory, and Office. Containing ready, 
tiseful, and trustworthy Information for Ironmasters and their Stock-takers: 
Managers of Ban Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical. Mining, and Con- 
sulting Engineers ; Architects, Contractors, Builders, &c. By Charlbs Hoakb, 
Author of^'The Slide Rule," &c Ninth Edition, aamo, leather . 8/0 

CONDENSED MECHANICS. 

A Selection of Formulse, Rules, Tables, and Data for the Use of Engineering 
Students, &c By W. G. C. Hughes, A.M.I.C.E. Crown 8vo, cloth . 2/6 

" The book is weU fitted for those who are preparing for examination and wish to refresh 
their knowledge by going through their formulae again."— ifar^M Engi$u€r, 

THE SAFE U5E OP STEAM. 

Containing Rules for Unprofessional Steam Users. By an Enginbbs. Eighth 

Edition. Sewed 6d« 

** If steam*users would but leam this little book by heart, boiler ezplodons would become 
sensntlons by their tw^."—BngHsk Mtrkantc. 

THE CARE AND MANAGEMENT OF STATIONARY 

eNQlNE5. 

A Pract'cal Handbook for Men-in-charge. By C. Hurst. Crown 8vo. Net 1 /Q 

THE LOCOMOTIVE ENGINE. 

The Autobiography of an Old Locomotive Engine. By Robbkt Wbathk»< 
BUKN, M.I.M.E. With Illustrations and Portraits of Georgb and Robbkt 
Stbphbnson. Crown 8vo, cloth. /^Tet 2/8 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and Z003. By Clbmbnt E. Stxbtton, CE. Sixth Edition, 
Revised and Enlarged. Crown 8vo, cloth. [Jnst Publishid, Ntt 4/8 

'* Students of railway history and aO who are biterested In the evolution of the modera 
oeomotive will find much to attract and entertain la this volume. "••T^f Timet, 
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TOOLS FOR ENGINEERS AND WOODWORKERS. 

A Practical Treatise including Instruments of Measurement. By Joseph 
Horner, A.M.Inst.M.E., Author of "Pattern Making," "Hoisting 
Machinery," &c. Demy 8vo, with 450 Illustrations. 

[/« tAe Prtss, Price about 9/0 net 

MODERN MACHINE 5H0P TOOLS. 

A Practical Treatise describing in every detail the Construction, Operation 
and Manipulation of both Hana and Machine 1 ools ; being a work of Practical 
Instruction in all Classes of Machine Shop Practice, including Chapters on 
Filing, Fitting and Scraping Surfaces ; on Drills, Reamers, Taps and Dies ; 
the Lathe and its Tools ; Planers, Shapers and their Tools ; Milling Machines 
and Cutters ; Gear Cutters and Gear Cutting ; Drilling Machines and Drill 
Work; Grinding Machines and their Work; Hardening and Tempering, 
Gearing, Belting, and Transmission Machinery; Useful Data and Tables. 
By WiLLiAM,H. Van Dervoort, M.E. Fourth Edition. Illustrated by 673 
Engravings of Latest Tools and Methods, all of which are fully described. 
Medium 8vo, cloth. [Just Published. Net 21 /O 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
MiCHABL Rbtnolds, formerly Locomotive Inspector, L B. & S. C R. 
Eleventh Edition. Including a Kkt to thb Locomotivb Engine. 
Crown 8vo, cloth 4/6 

**Mr. Reynolds has snpplied a want, and has supplied it weO. We can confidently lecom- 
mend the book not only to the practical driver, but to evetyone who takes an taiterest in the 
perib n nance of locomotive engines."— 7A< Engitutr. 

^ " Mr. Reynolds has opened a new chapter in the literature oi the day. This admirable 
pnurtical treatise, of the practical utility of which we have to speak in terms of warm commendation." 

THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 

Locomotive Engines and their Inventors. By Michael Rbynolds. Second 

Eklition, with Revised Appendix. Crown 8vo, cloth 4/6 

" We should be i^d to see this book in the possession of ever y o n e in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /rvw. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 

their Construction and Performance. By M. Rsymolds. 8vo, cloth 9/0 

" A popular explanation of the different brakes. It win be of great assistance in fonning 

publk opinion, and will be studied with benefit by those who take an hiterest hi the brake."— £m|^/ijA 

Mechanic 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charee of Stationary Engines. By 

MiCHABL Reynolds. Sixth Edition. With Plates and Woodcuts. 

Crown 8vo, cloth 4/6 

** The author's advice on the various points treated is clear and practical "—J?n/iM«tfr»>itf-. 
" Our author leaves no stone unturned. He is determined that his readers shall not only 
know something about the sutionary engine, but all about it,"— Engineer, 

ENGINE-DRIVING LIFE. 

Stirring Adventures and Incidents in the Lives of Locomotive Engine- 

Drivers. By Michabl Rbynolds. Third Edition. Crown 8vo, cloth . 1 /6 

** From first to last perfectly fascinating. Wilkie Collins's most thrilling conceptions are 
thnmn into the shade by true incidents, endless in their variety, related hi every page.*— iV^rt* 
BrmshMmiL 

THB ENGINEMAN'S POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 
By Michael Reynolds. With 45 Illustrations and numerous Diagrams 
Fourth Edition, Revised. Royal z8ino, strongly bound for pocket wear. 3/6 

'* A most meritorious work, giving in a succinct and practical form all the hiformation an 
engine-minder desirous of mastermg the scientific principles of his daily calling would requize."— 
Tfie MiUer. 
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PIONEER IRRIGATION. 

A Manual of Information for FarmcrK in the Colonies. By £. O. Maw son, 
M.fnst.C.E., Executive En^^ineer. Public Works Department. Bombay. With 
Additional Chapters on Light Railways by E. R. Calihrop, M.Inst.C.E., 
M.I.M.E. Illustrated by Numerous Plates and Diagrams. Demy 8 vo, cloth. 

i Just Published, ^et -KQl^ 

SUMMARY OF CoNTHNTS:— VALUE OF IRRIGATION. AND SOURCES OF WATER 

SfppLY.— Dams and weirs.— Can aij>.— underground Water.— Methods of Irri. 
(;ation.— Sewage Irrigation.— Imperial automatic Sluice Gates.— The Culxi- 
vation of Irrigated Crops, Vhgetables, and hRi'iT Trees.— Light Railways 
FOR HEAVY Traffic— Useful memoranda and Data. 

TUNNELLING. 

A Practical Treatise. Bv Chaklbs Prelini, C.E. With additions by 
Charles S. Hill, C.E. With 150 Diagrams and Illustrations. Royal 8vo, 
cloth Utt-X 6/0 

PRACTICAL TUNNELLING. 

Explaining in detail Settine-out the Works, Shaft>siidcing, and Heading-driving, 

Ranging the Lines and Levelling nndei^ottnd, Sab-Excavating, Timbering 

and the Construction of the Brickwork of Tunnels. By F. W. Simms, 

M. Inst. C.E. Fourth Edition, Revised and Further Extended, including the 

most recent (1895) Examples of Sub-aqueous and other Tunnels, by D. Kinnbar 

Clark, M. Inst. C£. With 34 Folding Plates. Imperial 8vo, cloth £2 2s. 

"The present (1896) edition has been brought right up to date, and is a woric to «mch civil 

engineers should have ready access, and engineers who hare connniction work can hardly afibrd 

to be without, but which to the younger memoers of the professtoc ii inraluable, as from its pages 

they can learn the state to which the science of tunnelling has attained."— Aa»/«MS> News, 

THE WATER 5UPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATBR-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
Bv W. K. Burton, A.M.InsuC.E., Consulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With numerous 
Plates and Illustrations. Super-royal 8vo, btickram 26/0 

I. INTRODUCTORY. — II. DIFFERENT QUALITIES OF WATER. — III. QUANTrTY OF 

Water to be Provided.— iv. on ascertaining whether a Proposed Source op 

SUPPLY IS sufficient.— V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED 

TO BE Provided.— VI. Classification of Water-works.- VII. Impounding kesee- 
voiRS.— VIII. Earthwork Dams.— IX. Masonry Dams.— X. The purification op 
Water.— XI. Settling Reservoirs.— XIl. Sand Filtration.— Xlll. Purification 
OF Water by action of Iron, Softening of Water by action of Lime, Natural 
Filtration.— XIV. service or Clean Water Reservoirs— Water Towers— Stand 
Pipes.— XV. The Connection of settling Reservoirs, Filter Beds and Service 
Reservoirs.— XVI. pumping Machinery.— xvii. Flow of Water in CoNDurrs— 
Pipes and open Channels.— XVlll. Distribution Systems.- XIX. special pro- 
visions FOR the Extinction of Fire.— XX. Pipes for Water-works.— XXI. Pre- 
vention OF Waste of Water.— XXII. Various appliances used in Connection 
with Water-works, 

appendix i. by prof. john milne, f.r.s.— considerations concerning the 
Probable Effects of Earthquakes on Water-works, and the Special Pre- 
cautions TO BE TAKEN IN EARTHQUAKE COUNTRIES. 

APPENDIX II. By JOHN DE RIJKE, C£.— ON SAND DUNES AND DUNE SaND AS 
A SOURCE OF WATER SUPPLY. 

■* The chapter upon filtration of water is very complete, and the details of construction weB 
(Uustrated. . . . Tne work should be specially valuanle to civil enijfineefs engaged in work in 
Japan, but the interest is by no means confined to that locality." — Bngtfutr. 

" We congratulate the author upon the practical commonaense shown in the prepacadoii of 
this work. . . . The plates and diagrams have evidently been prepared with great care, and 
cannot fall to be of great assistance to the student."'— ^»»/iier. 

RURAL WATER 5UPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 

works for small Country Districts. By Allan Grbbnwbll, A.M.I.C.£., 

and W. T. Curry, A.M.I. C.£., F.G.S. With Illustrations. Second Edition, 

Revised. Crown 8vo, cloth 5/0 

" We consciendously recommend it as a very useful book for those concerned in obtaining 
for small districts, givinif a great deal of practical information in a small compass."— ifM»Mcr. 
" The volume contains valuable information upon aU matters connected wuh ti 
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It is full of dfltalls on poinu which are coatinuaUy before watw-wocki wnjin— ii_" JVarmi. 
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THE WATER SUPPLY OF CITIES AND T0WN5. 

By William Uumbbr, A. M. Inst. C.E., and M.Inst. M.E., Author of "Cast 
and Wrought Iron Bridge Construction," &c., &c. Illustrated with 50 Double 
Plates, z Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuu, 
and containing 400 pp. of Text. Imp. 410, elegantly and substantially 

half-bound in morocco I^Tet £6 6a. 

List of Contents:—!. Historical Sketch op some of the means that have 

BBBN adopted FOll THE SUPPLY OF WATER TO CITIES AND TOWNS.— II. WATER AND 
THE FOREIGN MATTER USUALLY ASSOCIATED WITH IT.— III. RAINFALL AND EVAPORA- 
TION.— IV. SPRINGS AND THE WATER-BEARING FORMATIONS OP VARIOUS DISTRICTS. 

—V. Measurement and estimation op the flow of Water.— vi. on the Selection 
OF THE Source of supply.— vii. wells.— viii. Reservoirs.— IX. The Purification 
of Water.— X. Pumps.— XI. pumping machinery.— XIl. Conduits.— Xlll. Distribu- 
tion OF Water —XIV. Meters, service Pipes, and house Fittings.- XV. The Law 
and Economy op water-works.- xvi. Constant and intermittent Supply.— 
XVII. description of plates.— appendices, giving Tables of Rates of Supply, 
Velocities. &c., &c.. together with specifications of several works illus- 
trated, AMONG which WILL BE FOUND : ABERDEEN, BiDHFORD. CANTERBURY, 

Dundee. Halifax. Lambeth, Rotherham, Dublin, and others. 

" The most systematic and valuaUe work upon water supply hhherto produced In English, or 
in any other language. Mr. H umber's work is characterised almost throughout b^ an 
•ochaustiTeness much more distinctive ot French and German than of English technical treatises." 

THE PROGRESS OF ENGINEERING (1863-6). 

By Wm. HuMBBR, A.MInst.C.E. Complete in Four Vols. Containing 148 
Double Plates, with Portraits and Copious Descriptive Letterpress. Impl. 410, 
half-morocco. Price, complete, £1 2 1 Ss. i or each Volume sold separately 
at £3 Ss. per Volume. Descriptive List of Contents on application. 

HYDRAULIC POWER ENGINEERING. 

A Practical Manual on the Concentration and Transmission of Power by 

Hydraulic Machinery. By G. Croydon Marks, A.M.Inst.C.£. With 

nearly aoo Illustrations. 8vo, cloth. Net 9/0 

Summary of Contents :— principles of Hydraulics.— The flow of Water.— 

Hydraulic pressures.— Material.— Test Load.— packings for sliding Surfaces. 

—pipe Joints.— controlling Valves.- Platform lifts.— Workshop and Foundry 

Cranes.— warehouse and dock cranes.— Hydraulic accumulators.— Presses 

FOR Baling and other purposes. —Sheet Metal Working and Forging Machinery. 

—Hydraulic Riveters.— Hand and power Pumps.— steam pumps.— Turbines.— 

MPULSE turbines.— Reaction turbines.— Design of Turbines in Detail.— Water 

wheels.- Hydraulic engines.— Recent achievements.- Pressure of Water.— 

action of Pumps, &c. 

** We have nothing but praise for this thoroaghly yaluaUe work. The author has succeeded 
In rendering his subject interesting as well as instructive."— ./VacACnt/ Enginetr. 

"Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans 
mission and utilisation of power."— A/MAa»ua/ World, 

HYDRAULIC TABLES, C0-EFFICiENT5, & FORMULiC. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formuls, Tables, and General Information on Rain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, C.E., M.R.l.A. Third Ekiition, revised, with 
additions. Numerous Illustrations. Crown 8vo, cloth . . 14/0 

" It is, of all English books on the subject, the one nearest to completeness."— wtfrcAA^cf. 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 

Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 

Author of "Aid to Survey Practice," "Modem Metrology," &c. Fourth 

Edition, Enlarged. Large crown 8vo, cloth 1 6/0 

"The author has constructed a manual which may be accepted as a trustworthy guide 
to this branch of the engineer's ^xoitssiiaaJ'—Er^tieering, 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage^ Conveyance, and Utilisa* 

tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 

ByCHARLBsSLAGG. A.M.I n.n.C.E. Second Edition. Crown 8vo, cloth . 7/6 

" As a small practKtU trtsaoM; uo U>« water supply vi towns, and on some tipi?l1KnTtont of water- 
power, tbe work is la many respects caceUent. "— jiiyi ww r mt . 
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THB RECLAMATION OP LAND PROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested in Works 
of Reclamation. By A. Bbazbucy, M.Inst. CE. 8vo, cloth. Net 10/6 

** The book shows in a concise way what has to be done in reclaiming land from the sea, and 
the best way of doing it. The woiic contains a great deal of practical and useful information whicli 
cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land- 
owners intending to reclaim land from the sea."— 77m Engiruer. 

" The author has carried out his task efficiently and well, and his book contains a large 
amount of information of great service to engineers and others interested in worlcs of reclamation.'' 

MA50NRY DAM5 PROM INCEPTION TO COMPLETION. 

Including nomerous FonnuUe, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By 
C. F. Courtney, M. Inst. CE. 8vo, cloth 9/0 

" Contains a good deal of valuable data. Many useful suggestions will be found in the 
remarks on site and position, location of dam, foundaitions and construction.''— ^waMm^ A!rvx. 

RIVER BARS. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Sticcesslul Reduction by this Method of 
the Bar at Dublin. By 1. J. Mann, Assist. Eng. to the Dublm Port and Docks 
Board. Royal 8vo, cloth 7 6 

" We recommend all interested In harbour worics and. Indeed, those concenied la the 
improvements of rivers generaUy— to read Mr. Mann's interesting woitk."—EngiMur. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comi>rehensive History of the System; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power, Steam, 
Cable Traction, Electric Traction, &c. : a Description of the Varieties fk 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughly Revised, and Including the Progress recently made in 
Tramway Construction, &c., &c By D. Rinnbak Clark, M. Inst. C.E. 
With 400 Illustrations. 8vo, 780 pp., buckram. 28/0 

" The new vohune is one which will rank, among tramway engineers and those interested in 
tramway working, with the Author's world-famed book on railway machinery."— 7>k Engineer. 

SURVEYING A5 PRACTISED BY CIVIL ENGINEERS 

AND SURVBYORS. 

Including the Setting-out of Works for Construction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By John Whitb- 
LAW, Tun., A.M. Inst C.E., Author of " Points and Crossings. With about 
260 Illustrations Demy 8vo, cloth Net 1 0/8 

" This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those engaged in actual practice." — The Builder. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Sl1r^'ey•«ro•■V' in 
rhe Colonies. By George W. Usill, A.M.I.CK. Eighth Edition, 
thoroughlv Revised and Enlarged, by Alex Beazeley, M. Inst. C K. 
With 4 Lithographic Plates and 360 Illustrations. Large crown 8vo, 7/8 
ciotli ; or, on Thin Paper, leather, gilt edges, rounded corners, for pocket use 

12/6 

" The best forms of instruments are described as to their construction, uses and modes 
of empiovment, and there are innumerable hints on worlc and equipment such as the author, in 
his experience as surveyor, draughtsman and teacher, has found necMsaxy, and which the gtif^^wt 
In his mexperience will find most serviceable." — Engineer. 

"The first book which should be put in the hands of a pupil oi Civil Engineering."— 
ArchUecL 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; and in Route Snr* 

veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 

By L. D' A. Jackson, A.M.I.CE. Second Edition. 8vo, cloth . 12/6 

" Mr. Jackson has produced a valuable vade-mecum for the surveyor. We can recommend 

this book as ctmtatnmg an admirable supplement to the roachlng of the accomplished surveyor."— 

" The author brings to his work a fortunate union of theory and practkad experience wtolctL 
aided by a c|««r and hidd style of writing, leaden the bo(»k a very useful aiia.''--J?w<Ufr. 
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SURVEYING WITH THE TACHEOMETER. 

A prmctical Manual for the use of Civil and Military Engineers and Surveyors. 

Including two series of Tables specially computed for the Reduction of 

Readings in Sexagesimal and in Centesimal Degrees. By Neil Kbnnbdt, 

M. Inst. C.E. With Diagrams and Plates. Second Edition. Demy 8vo, cloth. 

[Just Published. Net 10/6 

** The work Is very clearly written, and should remore all difficulties in the way of any surveyor 
desifoos of making use of this useful and rapid instrument."— ^a/Mnc. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 

use of Theodolite for Traverse Surveying and plotting the work with minute 

accuracy by means of Straight JLd^e and Set Square only ; Levelling with the 

Theodolite, Setting^ut Curves with and without the Theodolite, Earthwork 

Tables, ftc. By W. Davis Haskoll, C.E. With numerous Woodcuts. 

Fourth Edition, Enlarged. Crown 8vo, cloth 1 2/0 

** The book Is very handy ; the separate tables of sines and tangents to every minute will make 
nsefid for many other purposes, the genuine traverse tables existing all the iaxat."—At/u*unttn. 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll., CE. Second 
Edition, Revised, with Additions. Large crown 8vo, cloth . . 9/0 

" This book must prove of great value to the student. We have no hesitation In recom- 
mendhig It. fiseling assured that It will more than repay a careful tita.6y"—Mechanicmi IVorld. 

" A most useful book for the student. We can stronsfly recommend It as a caiefiilly-wrltten 
valuable text-book. It enjoys a weDndeserved repute among surveyors."— ^MtMer. 



PRINCIPLES AND PRACTICE OP LEVELLING. 

Showing its Application to Puxposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, M. Inst. CE. Eighth Edition, with Law's Practical 
Examples for Setting*out Railway Curves, and Trautwinb's Field Practice 
of Laying-out Circular Curves. With 7 Plates and numermis Woodcuts. 
8vo 8/6 

" The text-book on levelling hi most of our engineering schools and colleges."— ^MWM«fr. 

**The publishers have rendered a substantial service to the profession, especiuly to the 
jroonger memDerS, by bringing out the present edition of Mr. Slmms's useful work."— £»v*'i««cW>v* 



AN OUTLINE OP THE METHOD OP CONDUCTING 

A TRIQONOMBTRICAL 5URVBY. 

For the Formation of Geographical and Topo^aphical Maps and Plans, Mili* 
tary Reconnaissance, LEVELLING, &c., with Useful Problems, Formulae, 
and Tables. By Lieut. 'General Frome, R.E. Fourth Edition, Revised and 
nvtly Re>written by Major-General Sir Charles Warren, G.C.M.G., R.E. 
With 19 Plates and Z15 Woodcuts, royal 8vo, cloth .... 1 6/0 

**No words of praise from us can strengthen the position so well and so steadily maintained 
by this woric Sir Charles Warren has revised the entire work, and made such additions as were 
to bring every portion of the contents up to the present daXit."— Broad Arrow. 



TABLES OP TANGENTIAL ANQLE5 AND MULTIPLES. 

For Setting-out Curves from 5 to aoo Radius. By A. Beazelbt, M.Inst.C.£. 
6tb iUliuuQ, Revised. With an Appendix on the use of the Tables for 
Measuring up Curves. Printed on 50 Cards, and sold in a cloth box, waistcoat- 
pocket size 3/6 

** Each Ubie Is printed on a small card, which, placed on the theodolite, leaves the hands free 
to aMBlpulate the instrument— no small advantage as regards the rapidity of work."— £Mr»M«#r. 

" Very handy : a man may know that all his day's work must fall on two of these cards, which 
he pqts into his own card-case, and leaves the rest behind."— ^M«M«w»r. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttinjs an<f 
Embankments from 3 inches to 80 feet in Depch or Height, for use witn either 
66 feet Chain or 100 feet Chain. By J. U. Watson Buck, M. Inst. CK. 
On • Sheet monnted in doth case 8/6 
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BARTHWORK TABLB5. 

Showing the Contents in Cnhic Yards of Embankments, Cuttings, Ac. of 
Heists or Depths ap to an average of 80 feet. By Josbph Broaobkmt, C K., 

and Fkancis Campin, C.E. Crown 8vo, cloth S/O 

"The wmy In which accuncy la ■ttainMl. bjr ■ slmpls divWon of each croa Mction into three 
elemanti^ two in wlilch ar* consunt and 00a Tatiable, la inganioua."— ^rt «» « ^w k 

A MANUAL ON EARTHWORK. 

By Albx. J. Graham, C.E. With numerous Diagrams. Second Sditioa. 
x8mo, cloth 2/8 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M. InsL CIL, 

Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 

" Many of tha mathods giran are of eztrema practical value to the maaoo, and the ebaefm- 
tions on tha fbnn of arch, the rules for ordering the stone, and the constnictiea of the tamplataa* 



win be found of considerabla use. We coaomand the bo^ to the engineering 
Butldimr Ntws. 

''will be regarded bjr dvil engineers as of the atmost vahie, and c a l cnht ed to save 
tfane and obviate many mistakes."— C«//i:«r)f GuartUmn. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise onX including Iron Foundations. In 
Three Parts.— Theoretical, Practical, and Descriptive. By William Humbbk, 
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised^ and^ mnch^ im* 
proved, with 1x5 Double Plates (ao of which now first appear in this edition), 
and numerous Additions to the Text. In a vols., imp. 4to, half-bound in 

morocco £6 16s. 6o« 

" A venr Taluable contribution to the standard literature of civil engineering. In addition to 
aieratlons, plans, and sections, large scale details are given, which very much e n hance tiie 
instructive worth of those niustrations." — Civil SngriMeer and ArehUects y*%«mtU. 

"Mr. Humber's stately volumes, lately issued—in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, 
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemana, and others among our moat eminant 
angineen, are drawn and specified in great detaiL"-^M^M«*r. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Gborgb 
Watson Buck, M.I.C.E. Fourth Exlition, revised b^ his Son, J. H. Watsok 
Buck, M.I.C.E. ; and with the addition of Description to Dian«ms for 
Facilitating the Construction of Oblique Bridges, by W. H. Baxlow, M.I.CE 

Royal 8vo, cloth . .1 2/0 

** The standard text-boolc for aO engineers regarding skew archea Is Mr. Bock's tieatlaa, 
and it would be impossible to consult a ht^Xm."— Engineer. 

" Mr. Buck's treatise is recognised as a standard tezt-book« and his treatment has divea t ad 
the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly difficult subject, Mr. Buck's work is unsurpaaaed."— ^«« <W« y ^«w. 

THE CONSTRUCTION OP OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial 8vo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in R006, Solid 

Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 

Piers, and other Frameworks. By R. Hudson Graham, C.E. Containing 

Diagrams and Plates to Scale. With numerous Examples, many taken from 

existing Structures. Specially arranged for Class-work in Colleges and 

Universities. Second Eaition, Revised and Enlarged. 8vo, cloth 1 6/0 

" Mr. Graham's book will find a place wherever graphic and analytic statics aie naed or 
«udled. "—Rnj^neer. 

"The work is excellent from a practical point of view, and has evidently been paeparad 
with much care. The directions for working are ample, and are illustrated by an abundance of 
weU-seiected examples. It is an excellent text-book for the practical draughtsman."— <^C%«*MawM. 

WEIGHTS OP WROUGHT IRON & STEEL QIRDER5. 

A Graphic Table for Facilitating the Computation of the Weights of Wrou^t 
Iron and Steel Girders, &c, for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. C.E. On a Sheet 2/6 
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QEOMETRY FOR TECHNICAL STUDENTS. 

An Introduction to Pure and Applied Geometry and the Mensuration of 
Surfaces and Solids, including Problems in Plane Geometry useful in Drawing 
By E. H. Sprague.A.M.I.C.E. Crown 8vo, cloth. [Just Published. A^r I/O 

PRACTICAL QEOMETRY. 

For the Architect, Engineer, and Mechanic. Giving Rales for the Delineation 
and Application of various Geometrical Lines, Figures, and Corves. By 
E. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

** No book with the same objects in view has ever been published in which the clearness of 
the mles laid down and the illustrative diagrams have been so satisfactory."— S;c»<:r«N«M. 

THE GEOMETRY OF COMPASSES. 

Or, Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Olivbk Btrnb. Coloured Plates. 
Crown 8vo, cloth 8/6 

EXPERIMENTS ON THE FLEXURE OF BEAMS. 

Resulting in the Discovery of New Laws of Failure by Buckling. By Albert 
E. Guy. Medium 8vo, cloth Net 9/0 

HANDY BOOK FOR THE CALCULATION OP STRAINS 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with niunerous details for Practical Applica- 
tion, &c. By William Humbbr, A. M. Inst. C.E., &c. Fifth Edition. 
Crown 8vo, vrith nearly loo Woodcuts and 3 Plates, cloth . . . 7/6 

*'The fortnnbe are neatly expressed, and the diagrams fp)od."—Ath«tunttn. 
'* We heartDy commend this really handy book to our engineer and architect readers."— 
Bngrltth Mechanic. 

TRUSSES OP WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses, Breaking 
Weights, Safe Loads, Scantlings, and Details of Construction. With Complete 
Working Drawings. By William Griffiths, Surveyor. Oblong 8vo, cloth. 

4/6 

"This handy little book enters so minutely into every detail connected with the cor- 
sttuctlon of roof trasses that no student need be igfnorant of these matters." — Pretctical Engineer. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W. Shbilds, M.I.C.E. 
8vo, cloth 6/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A new Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Experiments by Hodgkinson, Fairbairn, and Kirkaldv ; and 
Formula for calculating Girders, &c Edited by Wm. Humbbr, A. M.I.C.E. 
8vo, 400 pp., with 19 Plates and numerous Woodcuts, cloth . . .1 8/0 

" Valuable alike to the student, tyro, and the experienced practitioner, it wiU always rank 
n futttfe as it has hitherto done, as the standard treatise on that particular mib^tct." -^Engineer. 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De> 
scription of Modem Appliances and Systems. By Clement E. Strbtton, 
C.E. With Illustrations and Coloured Plates. Third Edition, Enlartred. 

Crown 8vo, cloth 3/6 

"A book for the engineer, the directors, the managfers; and, in short, all who wish for 

infonnation on railway matters will find a perfect encyclopaedia in ' Safe Railway Woridng.' "— 

Raihuay Review. 

EXPANSION OF STRUCTURES BY HEAT. 

By John Kbilv, C.E., late of the Indian Public Works Department. Crown 

^ 8vo, cloth 3/6 

" The aim the author has set before him. viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of phjrsics upon which the eni;lneer or 
arcnitect can find but little reliable and comprehensive data in books."— ^MiJUIcf. 
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PUBLICATIONS OF THE ENGINEERING 
STANDARDS COMMITTEE. 



The Engineering Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of 
Standardising Rolled Iron and Steel Sections. 

The Committee is supported by the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Naval Architects, 
the Iron and Steel Institute, and the Institution of Electrical Engineers ; 
and the value and importance of its labours has been emphatically 
recognised by his Majesty's Government, who have made a liberal gjant 
from the Public Funds by way of contribution to the financial resources of 
the Committee. 

The subjects already dealt with, or under consideration by the 
Committee, include not only Rolled Iron and Steel Sections, but Tests 
for Iron and Steel Material used in the Construction of Ships and their 
Machinery, Bridges and General Building Construction, Railway Rolling 
Stock Underframes, Component Parts of Locomotives, Railway and 
Tramway Rails, Electrical Plant, Insulating Materials, Screw Threads and 
Limit Gauges, Pipe Flanges, Cement, &c. 

Reports already Published : — 

1. BRITISH STANDARD SECTIONS. 

List!. Equal Angles. — List 2. Unequal Anglbs. — Lists. Bulb Angles. 
List 4. Bulb Tees. — List 5. Bulb Plates. — List 7. Channels. — List 8. 
Beams, F'cap. folio, sewed. i/usi Published, Net I/O 

2. BRITISH STANDARD TRAMWAY RAILS AND FISH 

PLATB5 : STANDARD SECTIONS AND 5PBCIPICATI0N. 

F'cap. folio, sewed. \Just Published. Net 21 /O 

3. REPORT ON THE INFLUENCE OF QAUQE LENGTH 

AND SECTION OF TE5T BAR ON THE PERCENTAGE OF 
BLONQATION. 

By Professor W. C. Unwin, F.R.S. F'cap. folio, sewed. 

{Just Published. Net 2/6 

4. PROPERTIES OF STANDARD BEAMS. 

Demy 8vo, sewed. \Just Published. Net 1 /O 

6. PROPERTIES OF BRITISH STANDARD SECTIONS. 

Embracing Diagrams, Definitions, Tables, and Formulae Demy 8vo, cloth. 

{Just Published. Net SJQ 

7. BRITISH STANDARD TABLES FOR COPPER CON- 

DUCTORS AND THICKNESSES OP DIELECTRIC. 

F'cap. folio, sewed. IJust Published. Net 2/6 

8. BRITISH STANDARD SPECIFICATION FOR TUBU- 

LAR TRAMWAY POLES. 

F'cap. folio, sewed. {Jtst Published. Net 6/0 

9. BRITISH STANDARD SPECIFICATION AND SEC- 

TIONS FOR BULL HEADED RAILWAY RAILS. 

F'cap. folio, sewed. [Just Published. Net IQie 

BRITISH ENGINEERING STANDARDS CODED LIST. 

Rolled Sections for Constructional Iron and Steel Tram Rails. Compiled by 
Robert Atkinson. 476 pp., 410, cloth. Net 21/0 



MARINE ENGINEERING, NAVIGATION, S<. i^ 

MARINE ENGINEERING, SHIPBUILDING, 

NAVIGATION, ETC. 



MARINE ENG1NE5 AND B0ILER5. 

Their Design and Construction. A Handbook for the Use of Students, 
Engineers, and Naval Constructors. Based on the Work " Berechnung ui.d 
Konstruktion der Schi£fsmaschinen end Kesselj" by Dr. G. Bauer, Engineer- 
in-Chief of the Vulcan Shipbuilding Yard, Stettin. Translated from, the Second 
German Edition by £. M. Donkin, and S. Bryan Donkin, A.M.I.C.E. 
Edited by Leslie S. Robertson, Secretary to the Engineering Standards 
Committee, M.I.C.E., M.I.M.E., M.I.N.A.. &c. With numerous Illustrations 
and Tables. Medium &vo, cloth . [Aearljf Ready^ Price about 32/- AV/. 

Summary of CoNibM-rs:— PAkT l.— MAIN ENGINES.— L)Bt&kmimation of cylin- 
der DIMBMSl0^s.— The Utilisaiion of sibam in ihb enoine.— Stroke of piston. 

—NUMBER OF RBVOLUTIONS.— turning MOMBNl .—BALANCING OF THB MOVING PARTS. 
—ARRANGEMENT OF MAIN ENGINES.— DETAILS OF MA1^ ENGINES.— 1 hE CYLINDBK.— 

Valves.- Various Kinds of Valve Gear.->Pis7on rods.— Piston^.- CoNNtcriNG 
Rod a»d CROsbHBAD.— Valve Gear Rods.— Bed Plates. — Engine c •llmnSi- 
Rbver'-ing and TURNING Gear. Part II.— pumps.— air, circulating Feed, and 
AUXILIARY Pi'MPS. PART III.— SHAFTING, KLSISTANCE OF SHIPS, PROPELLERS. 
—Thrust Shaft and Thrust Block.— tunni-l Shafts and glummer Blocks.- 

SHAFrCOUPHNGS.— STERN TUBE.-l HE SCRBW PBOPFLLER.— CONST KUcTION OF THB 
SCRBW. PART IV.— PIPES AND CONNECTIONS.— GENERAL REMARKS. FlangkS, 

Valves, drc— Under Water FniiNGS^MAiN biBAM, auxiliary stbam, and 
Exhaust Piping.— Fbbd water, Bilge, BiLLLAbT and circulating P)Pes. PART v.— 
STEAM BOILERS.— Firing and the Gbnbrahon of stbam.— cylindrical aoiiers. 
— Locomotive Boilers. — Water- tube Boilers. — Small Tube Watbr-Tubb 
Boilers.— Smoke Box.— Funnbl AhD Boiler Lagging.— Foi.rED Draught.— boiler 
FiTTiNcs AND Mountings, part VI.— measuring INSTRUMENTS. PART VII.— 
VARIOUS DETAILS.— Bolts, nuts, Scrbw Threads, &c.-plai forms, grauncs. 

Ladders.- FOUNDATIONS. —Seatings. — LUBRICATION Viiniilation of Enginb 

Rooms.— rules for spare gear, part viii.— additional tables. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKBT-BOOK 

Of FormulsB} Rules, and Tables, and Marine Engineer's and Surveyor Handy 

Book of Reference. By Clement Mackrow, M.I.N. A. Eighth Edition, 

carefully Revised and Enlarged. Fcap., leather . . Net 1 2/6 

Summary of Contents:— signs and symbols. Decimal Fractions.— Trjgo- 

NOMBTRY.— PRACTICAL GBOMBTRY.—MBNSURATION.— CENTRES AND MOMENTS OF 

Figures, —moments of inertia and Radii gyration.— algebraical expressions 
FOR SIMPSON'S Rules.— Mechanical Principles.- Centre of Gravity.— Laws of 
Motion.— Displacement, centre of buoyancy.— Centre of Gravity of ships 
hull.— stability curves and Mbtacentres.— sea and Shallow-water Waves. 
—Rolling of ships.— propulsion and Resistance of vessels.— Speed trials.— 
Sailing, centre of effort.— distances down Rivers, Coast Lines.— steering and 
Rudders of vessels.- Launching calculations and Velocities.— weight of 
Material and Gear.— Gun Particulars and weight.— standard Gauges.- 
Riveted joints and Riveting.— strength anb Tests of Materials.— binding 
AMD Shearing stresses. —strength op Shafting, Pillars, Wheels, &c. — 
Hydrauuc Data, an. — Conic sections, Catenarian curves. — mbchanical 
Powers, work.— board of trade regulations for boilers and engines.- Board 
OF TRADE Regulations for Ships.— Lloyd's Rules for Boilers.— Lloyd's weight 
op chains.— Lloyd's scantlings for ships.— Data of Engines and vessels.— 
SHIPS' FrmNGS AND tests.— seasoning Preserving Timber.— Measurement of 
Timber.— ALLOYS, Paints, Varnishes.- Data for Stowage.— admiralty Trans- 
port Regulations. — Rules for Horse-power, screw propellers, &c.— Per- 
centages FOR Burr Straps.— Particulars of Yachts.— Masting and rigging. 
—Distances OF Foreign ports.— Tonnage Tables.— Vocabulary of French and 
English terms.— English weights and Measures.- Foreign weights and Mea- 
sures.— Decimal EQUIVALENTS.— USEFUL NUMBERS.— CIRCULAR MEASURES.- AREAS 

OF AND Circumferences of Circles.- areas of segments of Circles.— Tables 
OF Squares and cubes and roots of Numbers.— Tables of Logarithms of num- 
bers.— Tables OF Hyperbolic LoGARrrHMS.— Tables of Natural Sines, Tangents, 
—Tables of logarithmic sines, tangents, &c. 

** In thMO days of advanced knowled^ a work like this U of tke gieatest value. It contains 
■ vast ■»««""? of infonnation. We unhesttattni^y say that it is the meat valuable compilation for its 
qsadfic puipoae that has ever been printed. No naval architect, encineer, surveyor, s e aman . 
Wood or tioa shipbuilder, can afford to be without this work."— AioMMdi^ Magamint. 

"ShouM be aaed by all who are engaged in the constiuctien or design of vessels. . . . Will 
be foond to couain the most useful tables and fbrmulae requited by shipbuilders, coHeeied from the 
best autlioritks, and put toffsther in a pofMilar and simple fonn. It is of axceptioiial merit."— 
Snginur. 

"A pocket-book of this description most be a necessity In the shipbufidlng trade. It con- 
tains a BUMS of assfltf infonuatioa clearly expressed and presented in a handy form."— Afann« 
Bng ituar t 

L. B 
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WANNAN'^ MARINE ENQINBEITS QUIDB 

To Board of Trade Wi«minatioh« for Cortificates of Competonqr. Containing 
all Latest Qoestions to Date, with Simple, Clear, and Correct Solntioos ; 
303 Elementary Questions wtUi Illustrated Answers, and Verbal Questions 
and Answers ; complete Set of Drawings with Statements complied. By 
A. C. Wannan,C.£., Consulting Engineer, and E. W. I. Wannan, M.LM.£., 
Certificated First Class Marine Engineer. With numeroos Engravings. Third 
EKiition, Enlarged. 500 pa^^es. Large crown 8vo, cloth . Ar/ 1 0/6 

" The book is cteerlv and plainly written and avoids unnecessary explanations and fonnulas. 
and we ciwi^er it a Taluable book for studeats of marine engineering^."— AlaMica/ JiagMsiHe. 

WANNAN'S MARINE ENQINEER'5 POCKET-BOOK. 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 
By A. C. Wannan. Third Edition, Revised, Enlarged, and Brought np to 
Date. Square x8mo, with thumb Index, leather . . . . • ff/O 

" There Is a neat deal of uaeftil Infonnatlon in this little pocket-book. It Is of the rule-of- 
thuinb order, and Is, on that account, well adapted to the uses of the sea-going engineer." — 

THE SHIPBUILDING INDUSTRY OP GERMANY. 

Compiled and Edited by G. Lehmann<Fslskowski. With Coloured Prints, 
Art Supplements, and numerous Illustrations throughout the text. Super- 
royal 4to, cloth. [Just Publishea. ^^/ 10/6 

SEA TERMS, PHRASES, AND WORDS 

(Tedinical Dictionary of) lued in the English and French Languages 

lEnglish- French^ French-English). For the Use of Seamen, Engineers, Pilots, 

Shipbuilders Shipowners, and Ship-brokers. Compiled by W. Piskxb, Isute oi 

the African Steamship Company. Fcap. Bvo, doth limp . fi/Q 

** This volume will be highly appreciated by teamen, engineeis, pilots, sh^bnUdefs and slilp. 
owneis. It will be found wondenuliy accurate and complete. -'Scot sm t an , 

MARINE ENGINEER'S POCKET-BOOK. 

Consisting of usefol Tables and Formulse. By Fkank Proctor, A.LN.A. 

Third Edition. Royal samo, leather 4/0 

\ We recommend it to our readers as going ter to supplv a Iqng-Mt want."— Mraw/ Srtovc*. 



A moat useful companion to all marina engineers."— t^riterf Strvtet Gmmtm» 

ELEMENTARY MARINE ENGINEERING. 

A Manual for Young Marine Engineers and Apprentices. By J. S. Brbwkr. 
Crown 8vo, cloth "I/Q 

PRACTICAL NAVIGATION. 

Consisting of The Sailor's Sea-Book, by J. Greenwood and W. H. 
RossER ; with Mathematical and Nautical Tables for Working the Problems, 
by H. Law, C.E., and Professor J. R. Young, zamo, half-bound . 7/0 

THE ART AND SCIENCE OF SAILMAKING. 

By Samuel B. Sadler, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthome, of Cowes and Gosport. Plates. 4to, cloth. 

12/6 

** This extremely practical woric gives a complete educatkm In all the branches of tlie manu- 
facture, cutting out. rotnng, seaming, and goring. It b copiously Illustrated, and will fonn a fint- 
rate test-book and tai6»,"-~PortsmoMth Ttmts. 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of Lbks, Studs, &c. Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Links. Strennh of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Actt of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, &c., &c. By 
Thomas W. Traill, F.E.R.N., M.Inst.C.E., Ennneer-Surveyor-in-Chief, 
Board of Trade, Inspector of Chain Cable and AnchorJProving Establishments, 
and General Superintendent, Lloyd's Committee on Proving Establishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Fotio, 
<J<**» IS2 2s. 

"It coQttlns a vatt amount of vahiable Information. Nothing seams to be wantiur to make It 
a complete and standard work of leteenoe 00 the subjec t "—ItiuSieml MmgmMim, ^^ — — » •• 
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MINING, METALLURGY, AND 
COLLIERY WORKING. 



TH£ oil fields op RUSSIA AND THE RUSSIAN 

PBTROLBUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Origin of Petroleum in 
Russia, a Description of the Theory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Beeby Thompson, A.M.I.M.E., late Chief Engineer and Manager of 
the European Petroleum Company's Russian Oil Properties. About 500 pp. 
With numerous Illustrations and Photographic Plates, and a Map of the 
Balakhany-Saboontchy-Romany Oil Field. Super>royal 8vo, cloth. 

Uust Published. Net £3 Ss. 

MACHINERY FOR METALLIFEROUS M1NE5. 

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 

Mines. By E. Henry Davibs, M.E., F.G.S. 600 pp. With Folding Plates 

and other illustrations. Medium 8vo, cloth .... Net 226/0 

" DeaJs exhaustivel)r with the many and complex details which go to make up the sum total of 

machinery and other requirements for the successful workinfir of metalliferous mines, and as a book 

of ready reference is of the highest value to mine managers and directors." — Mining Journal. 

THE DEEP LEVEL MINES OF THE RAND, 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Denny (of Johannesburg), M.N.E.I.M.E., Consulting Engineer to 
the General Mining and Finance Corporation, Ltd., of London^ Berlin, Paris, 
and Johannesburg. Fully Illustrat«l with Diagrams and Folding Plates. 

Royal 8vo, buckram Net 26/0 

*' Mr. Denny by confining himself to the consideration of the future of the deep-level mines 
of the Rand breaks new ground, and by dealing with the subiect rather firom a commercial stand- 
point than from a scientific one, appeals to a wi^ circle of reaaers. The book cannot fail to prove 
of very great value to investors in South African mines."— AftMm^ Journal, 

PROSPECTING FOR GOLD. 

A Handbook of Practical Information and Hints for Prospectors based on 
Personal Experience. By DanirlJ. Rankin, F.R.S.G.S , M.R.A S , formerly 
Manager of the Central African Company, and Leader of African Gold Pros* 
pecting Expeditions. With Illustrations specially Dravm and Engraved for 
the Work. Fcap. 8vo, leather Net 7/6 

"This well-compiled book contains a collection of the richest gems of useful knowledge for 
the prospector s benefit. A special table is given to accelerate the spotting at a glance of minerals 
aaao^Atted with f^oldi."— Mining youmal. 

THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores. 
Including the Assaying, Melting, and Refining of Gold. By M. Eisslbr, 
M. Inst. M.M. Fifth Edition, Enlarged. With over 300 Illustrations and 
numerous Folding Plates. Medium 8vo, cloth .... Air/ 2 I/O 

" This book thoroughly deserves its title of a * Practical Treatise.' The whole process of gold 
mining, from the breaking of the quartz to the assay of the bullion, is described in dear and orderly 
namttve and with muchTbut not too much, fulness of 6itiaiL"—SeUHrday Review. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

And its Practical Application on the Witwatersrand Gold Fields and elsewhere. 
By M. Eisslbr, M. Inst. M.M. With Diagrams and Working Drawings. 
Thiid Edition, Revised and Enlai^ed. 8vo, cloth .... Nei 7/6 

" This book is tust wliat was needed to acquaint mining men with the actual working of a 
process which is not only the most popular, but lis, as a genwal rule, the most successful for the 
extnctloiiof gold from tasHeaigi."— Mining youmal. 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparatus and Working. By G. A. Denny, M.N.E. Inst. M.K. , 
M. Inst. M.M. Medium 8vo, z68 pp., with Illustrative Diagrams . 12/6 
" There is ciMainly scope for a work on diamond drilling, and Mr. Denny deserves grateful 
ecognition for supplying a decided maax."—MtniHg yeumai. 

B fl 
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GOLD ASSAYING. 

A Practical Handbook, giving the Modus Operandi for the Accurate Assay oi 
Auriferous Ores ahd Bullion, and the Chemical Tests rebuired in the Processes 
of Extraction bv Amalgamation, Cyanidation, and Chlorinadon. With an 
Appendix of Tables and Statistics. By H. Joshua Phillips, F.I.C, F.C.S., 
Assoc.Inst.C.E., Author of "Engineering Chemistry," etc. With Numerous 
Illustrations. Large Crown 8vo, clodi. \Just Published^ Net 7/6 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Mbrrttt. 
M N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other 

Illustrations. Fcap. 8vo, leather N€t 6/0 

" As an instructor of prospectors' classes Mr. Menritt has the adTantage of knowing 
exactly tlie information lilcely to be most valuable to the miner in the fidd. The contents cover 
all the details of sampling and testing gold and silver ores. A useful additJoo to a ptospector's 
\^.''— Mining youmaL 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 
Valuable Minerals. By J. W. Andbrson, M.A. (Camb.X F.R.G.S. Tenth 
Edition. Small crown 8vo, 8/6 cloth ; cnr, leather .... 4/6 

" win supply a much-Mt want, espedallv among Colonists, tan whoae way aie so often tiirown 
many mineralogical specimens the value of which k Is difficult to deciennine."— £«|fita«er. 

** How to find commeicial mineials, and how to Identiff them when tiiey an ioaiid, mn tbe 
leading points to whkh attention te difected."— JAMnr J o ur m ml , 

THE METALLURGY OP SILVER. 

A Practical Treatise on the Amalgamatioa, Roasting, and Liziviatioa of Silver 
Ores. Including the Assaying, Melting, and Refinmg of Silter Bnllioii. By 
M. EissLBR, M. Inst. M.M. Third Edition. Crown Svo, doth . 10/0 

'* A practical treatise, and a technical work which we are convinced will sappfy a long>fek 
want amongst practical men, and at the same time be of value to students and ottian indiractly 
cuimected with the industries."— Aftfn^Me' yeumal. 

THE HYDRO-METALLURGY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallorgical Treat- 
ment of Cupriferous Ores, Including the Manttfacture of Copper Vitriol, with 
Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores. 
By M. EissLER, M. Inst. M.M. 8vo, cloth .... A<r/12/6 

" In this volume the various processes for the extraction of coi>per by wet methods are fully 
detailed. Costs are given whfn available, and a great deal of useftd iiiformatl m about the copper 
industry of the worid is presented in an interest!^ and attractive manner."— Aftm'wf y^umaL 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining oi 

Lead" Bullion. Including Reports on various Smelting Establishments and 

Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 

By M. EissLBR, M. Inst. M.M. Crown 8vo, cloth .... 12/6 

" The numerous metallurgical processes, which are fully and extensively treated fd. embrace 
all the stages experienced in the passage of the lead finom the vaiious natnial states to Its nsae firaa 
the refinery as an article of commerce. —^VncMca/ Et^iiutr. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davibs, F.G.S. Sixth Edition, thoroughly Revised and much 

Enlarged by his Son, E. Hbnrv Davibs, M.E., F.G.S. 6oo pp., with 173 

Illustrations. Large crown 8vo, cloth Uti 1 2/6 

" Neither the practical miner nor the general reader, In t e i e rt ed la mines, caa have a better 
book for his companion and his guide."— AfiMtM)^ ycttmal, 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davibs, F.G.S., Author of " Metalliferoos Minerals," ftc Third 
Edition, Revised and Enlarged by his Son, E. Hbnkv Davibs, M.E., F.G.S. 
With about zoo Illustrations. Crown 8vo, cloth 1 2/6 



" We do not remember to have met with any English work on mining mettan that oootains 
the same amount of information pecked in equally convenient fonn. "—^ caatrnf . 

BRITISH MINING. 

A Treatise on the History, Discovery, Practica] Dev«k>pin«it, and Future 
Prospects of Metalliferous Mines in the United Kingdom. By Robbkt 
Hunt, F.R.S., late Keeper of Mining Records. Upvwds of 950 pp., with 
830 Illustrations. Second Edition, Revised. Super<royal Svo, doth iS2 2ti 
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POCKET-BOOK FOR MINERS AND MBTALLURQISTS. 

Comprisiiig Rales, Formula, Tables, and Notes for Use in Field and Office 
Work. By F. Danvbks Powbr, F.G.S., M.E. Second Edition, Corrected. 

Fcap. 8vo, leather 9/0 

**Thls ezceOeiit book Is an admlnble example of Us kind, and ought to find a aige state 
a m uM gi t Enclish-speaking prospectors and mtning eagiaeeg%."~-Sn£itueriMfr. 

THE MINER'5 HANDBOOK* 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dr^sing, &c. For the Use of Students and others interested 
in Mining Matters. Compiled by John Milnb, F.R.S., Professor of Mining 
in the Imperial University of Japan. Third Edition. Fcap. 8vo, leather 7/6 
"Pvotessor Milne's handbook is sure to be received with fiivour by all connected with 
minlttc, and will be extremely popular among students."— ^lAciurMm 

IRON 0RE5 of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kbndali., F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/0 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pnmramg Machinery. By Stbphbn Michbll. Second Eklition, Re*written 
and Enlarged. With 850 Illustrations. Royal .8vo, cloth Net Q.SIO 

HORIZONTAL PUMPING ENGINES.— ROTARY AMD Non-ROTARY HORIZONTAL 
Engines.— SiMPLB AND Compound STEAM PUMPS.— VERTICAL PUMPING ENGINES.— 
rotary and non-rotary vertical engines.— simple and compound steam 
pumps. — triple-expansion steam pumps. — pulsating steam pumps. — pump 
Valves.— Sinking Pumps, &c., &c. 

"This volume contains an immense amount of important and Interestinflf new matter. 
The book should undoubtedly prove of freat use to all who wish for information on the sub- 
tCLT'—Tfu Enginter. 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professar 01 
Coal Mining at the Yorkshire College, Victoria University, Minine Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.M.I.M.E., 
" Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University ; and Herbert Pbrkin, M.LM.E., Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium 8vo, cloth. 

Net 9/0 
For Summary of contents, see pa^e 33.) 

THE COLLIERY MANAOER'5 HANDBOOK. 

A Onnprehenstve Treatise on the Laying-oat and Working of Collieries, 
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal- 
Mining Students preparing for First-class Certificates. By Calbb Pamblv, 
Mining Engineer and Surveyor ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. With over x,ooo Diagrams, Plans, and other Illustra- 
tions. Fifth Edition, Carefully Revised and Greatly Enlarged. i,2co pp. 
Medium 8vo, cloth. [/w fublisked. Net £1 fis. 

GBOLOGY.— Search for Coal.— Mineral Leases and other Holdings.- 
SHAFT Sinking.— FrrriNG Up the Shaft and surface arrangements.— Steam 
Boilers and their Fittings.- Timbering and walling.- Narrow work and 
Methods of working. — Underground Conveyance. - Drainage.— the Gases 
met with in Mines ; ventilation. — on the friction of air in mines. — The 
PRiESTMAN Oil Engine ; Petroleum and Natural Gas. — Surveying and 
PLANNING.— Safety Lamps and Firedamp Detectors.— Sundry and incidental 

operations and appliances.- Colliery explosions miscellaneous Questions 

AND answers.— ^/s^cfMrife; Summary of report of H.M. Commissioners on 
accidents Df Mines. 

" Mr. Pamely's work is eminently suited to the purpose or which it is intended, being clear, 
hrt we stlii g. exhaustive, rich in detail, and up to date, giving descriptions of the latest machines in 
every departmeot. A mining engineer could scarcely go wrong who followed this work."— C^/Met j' 



'* Mr. Pamely has not only given ns a comprehensive reference book of a very high order 
suitable to the requirements of nmyng engineers and colliery managers, but has atso provided 
niniiig atudsnts with a class-book that u as interesting as it is instructive."— CffZ/^^ro' MoMogtr. 

"This is the most complete 'att-iowid' work on coal-aammg published in the English 
language. ... No Vbnuy of coal-mfaiing books is complete wKbovt It."— C«/iVrry Bngmur 
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PRACTICAL COAL-MININQ. 

An Elementary Class>Book for the Use of Students attending Classes in Pre- 
paration for the Board of Education and County Council Examinations, or 
Qualifying for First or Second Class Colliery Managers' Certificates. By 
T. H. CocKiN, Member of the Institution of Mining Engineers, Certificated 
Colliery Manager, Lecturer on Coal-Mining at Sheffield^ University v ollege. 
With Map of the British Coal-fields and over 200 Illustrations specially Drawn 
and Engraved for the Work. Crown 8vo, 440 pp. [/ust Published. Net 4 '6 

COLLIERY WORKING AND MANAUBMBNT. 

Coiut^Muig ue Duties ot a Colliery Manager, the Oversight and Arrange* 
ment of Labour and Wi^;es, and the different Sjrsteins of Working Coal 
Seams. By H. F. Bulmam and R. A. S. Rsdmatms. 3«> pp., with 
a8 Plates and other Illustrations, including Underground Photographs. 
Medium 8vo, doth. 1 6/0 

"Tbb Is. indeed, an admirable Handbook for ColBerr Managers, in fiut It Is an locBspensable 
Mj^nnct to a Colliery Manager's education, as well as bcnng a most useful and interesting work 
on the subject for all who in any way have to do with coal mining. The underground photographs 
are an a ttra c tiv e feature of the work, being very lifelike and necMsarily true representations of the 
scenes they depict."— C«/Mef7 GamrtUan. 

" Mr. Bulman and Mr. Redmayne, are to be congratulated on having supplied an authorita- 
tive work dealing with a ride of the subject of coal mining which has hitherto received but scant 
treatment. The illustrations are excellent."— i^Au^<rv. 

COAL AND COAL MINING. 

By the late Sur Warington W. Smttm, M.A., F.R.S. Eighth Edition, 

Revised and Extended by T. Fosstbr Brown, Chief Inspector of the Mines 

of the Crown and of the Duchy of Cornwall. Crown 8vo, cloth. 3/6 

" As an outline is given of every known coal-field in this and other countries, as weB as of the 

principal methods of working, the book win doubtless interest a very large number of readers."— 

iiittimgr youmal. 

N0TE5 AND FORMUL/B FOR MINING 5TUDBNT5. 

By John Hbrman Mbrivalb. M.A., Late Professor of Mining in the Durham 

College of Science, Newcastle-upon-T3me. Fourth Edition, Revised and 

Enlarged. By H. F. Bulman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/6 

" The author has done his work In a creditable manner, and has produced a book that will 
be of service to students and those who are practically engaged in mining operations."— ffv^ffMcr. 

INFLAMMABLE OAS AND VAPOUR IN THB AIR 

(The Detection and Meastu«ment of). By Frank Clowbs, D.Sc., Lond., 
F.I.C. With a Chapter on Thb Dbtbction and Mbasurbmbnt of Pbtro- 
LBUM Vapour, by Bovbrton Redwood, F.R.S.E. Crown 8vo, cloth. NU 6/0 

" Professor Qowes has given us a volume on a subject of much industrial Importance . . . 
Those Interested In these matters may be recommended to study this book, which is easy of compre- 
hension and contains many good thinjgs.''- T'Ae Engifuer, 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal^ with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Mbadb. 8vo, cloth . . ^I 8a. 
" A book of reference which no one engaged in the iron or coal trades should omit firom 
his Ubrary."— /rvM and Coal Trades Review. 

A5BE5T05 AND A5BB5TIC. 

Their Properties, Occurrence, and Use. By Robbrt H. Jonbs, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy 8vo, doth. . 1 6/0 
" An interesthig and invaluable work."— Ctf/Zicry GuartUan. 

GRANITES AND OUR GRANITE INDUSTRIES. 

By Gborgb F. Harris, F.G.S. With Illustrations. Crown 8vo, cloth 2/6 

TRAVERSE TABLES. 

For use in Mine Surveying. By William Lintbrn, C.E. With two plates. 
Small crown 8vo, doth ..... JVtt ^IQ 
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ELECTRICITY, ELECTRICAL 
ENGINEERING, ETC. 

THE ELEMENTS OF ELECTRICAL ENQINEERINQ. 

A First Year's Course for Students. Bj Tyson Sbwbll, A.I.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
Regent Street, London. Second Edition, Revised, with Additional Chapters 
on Alternating Current Working, and Appendix of Questions and Answers. 
450 pages, with 274 Illustrations. Demy 8vo, cloth. {Just Published. Ntt 7/6 

Ohm's Law.— units Employed in Electrical Engineering.— Series and 
Parallel Circuits; Current Density and potential Drop in the Circuit.— 
The Heating effect of the Electric current.— the Magnetic effect of an 
Electric current.- the Magnetisation of Iron.— electro-chemistry ; primary 
Batteries.— ACCUMULATORS.— Indicating instruments; Ammeters. Voltmeters, 
Ohmmetbrs.— Electricity Supply Meters.— measuring instruments, and the 
Measurement of Electrical Resistance. — measurement of potential Dif. 
FBRBNCE. Capacity, Current strength, and Permeability.— arc Lamps.— incan- 
descent Lamps ; Manufacture and installation* ; photometry. — The Con- 
tinuous CURRENT Dynamo.— Direct Current Motors.— alternating Currents. 
—Transformers, Alternators, Synchronous motors.— Polyphase working.— 
APPENDIX of Questions and answers. 

*'An excellent treatise for students of the elementary facts connected with electrica 
engineering."- TA^ Electrician. 

" One of the best books for those conunencing the stady of electrical engineering. Every- 
thing is explained in simple language which even a b^^ner cannot fail to waAmnxxaA."— Engineer. 

" One welcomes this book, which is sound in Its treatment, and admirably calculated to give 
students the knowledge and infonnation they most require."— A'a/Mrv. 

THE ELECTRICAL TRANSMISSION OF ENERGY. 

A Manual for the Design of Electrical Circuits. By Arthur Vaughan 
Abbott, C.E.,^ Member American Institute of Electrical Engineers, Memtxrr 
American Institute of Mining Engineers, Member American Society of Civil 
Engineers, Member American Society of Mechanical Engineers, &c. \Vith 
'J en Folding Diagrams and Sixteen Full-page Engravings. Fourth Edition, 
entirely Re- Written and Enlarged. Ruyal 8vo. cloth. 

\Just Published. Net 30 O 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole«Line 
Construction, Underground Working, and other Uses. By F. A.C. Pbrkinb, 
A.M., D.Sc. ; fOTmerly Professor of £lectrical Engineering, Leland Stanford, 
Jr., University; M.Amer.I.E.E. 8vo, cloth .... JV^r/ 20/~ 

Conductor materials— alloyed ccnductors— Manufacture of Wire— 
"Wire-Finishing— Wire insulation— Cables— CALCUiJiTiON of Circuits— Kelvin's 
Law op Economy in Conductors— Multiple Arc Distribution— Alternating 
CURRENT Calculation— Overhead Lines— Pole Line— Line insulators— Under. 
GROUND Conductors. 

WIRELE55 TELEGRAPHY; 

Its Origins, Development, Inventions, and Apparatus. By Charles Henry 
Skwall. With 85 Diagrams and Illustrations. Demy Svo, cloth. 

\Just Published. Net -KOm 

ELECTRICITY A5 APPLIED TO MINING. 

By Arnold Lupton, M.Inst C.E., M.I.M.E., M.I.E E., late Professor ot 

Coal Mining at the YorksMre Collie, Victoria University, Mining Engineer 

and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., AM.I.M.E., 

Associate of the Central Technical College, City and Guilds of Lonoon, Head 

of the Electrical Engineermg Depvtment, York^ire College, Victoria 

Univeraty : and Herbert Perkin, M.I.M.E., Certificated Colliery Manager, 

Assistant Lectuier in the Mining Department of the Yorkshire College, 

Victoria Univeraty. With about 170 Illustrations. Medium Svo, cloth. Net 9/ - 

Introductory. — dynamic ELBCTRicmr. — Driving of the Dynamo. -the 
Steam turbine.— Distribution of Electrical energy.— Starting and stopping 

ELECTRICAL GENERATORS AND MOTORS.— ELBCIRIC CABLES.- CENTRAL ELECTRICAL 

PLANTS.— Electricity applied to pumping and Hauling.— Electricity applied 
TO Coal-Cutting.— TYPICAL Electric plants Recently Erected. — Electric 
Lighting by arc and Glow Ljimps— Miscellaneous applications of ELECTRicrrv 
—Electricity as Compared with other mo^es OF trawsmittwg Power.— 
OANGSRS op Electricity, 
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DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL BNOINBBRS. 

A Practical Book dealing with the i^ubject of Direct, Alternating anH Poly- 
phase Current*. By William R. Bowkkr, C.E., M.E., E.E., Consa^tio«[ 
Tramway Engineer. 8vo, cloth. l/itst Published, Net 6/0 

DYNAMO ELECTRIC MACHINERY: its CONSTRUC- 
TION. DBSIQN, and OPERATION. 

By Samubl Shbldon, A M.j Ph.D , Professor of Physics and Electrical 
Eneineerinz at the Polytechnic Institute of Brooklyn, assistei by Hobart 
Mason, BS. 

/n two voluiMt^ sold separately, as follows : — 

Vol. I.— DIRECT CURRENT MACHINES. Fifth Edition, Revised. Largre 

crown 8vo. aSo pages, with soo Illustrations . Net 1 2/0 

Vol. II.— ALTERN \TING CURRENT MACHINES. Large crown 8va a6o 

pages, with 184 Illu<trations Net 1 2/0 

Designed as Text-bonks for us« in Technlral Educational Institutions, and hw En gt ne etfc 
«^ ose work includeit the hiindlinsr of Direct and Alternating Current Machines respectiveiy. and 
for Students proficient in mathematics. 

ARMATURE WINDINGS OP DIRECT CURRENT 

DYNAMOS. 

Extension and Application of a General Winding Rule. ^ By E.^ Arnold, 
Engineer. Assistant Professor in Elect rotechnics and Machine Design at the 
Riea Polytechnic School Translated from the Original German by Francis 
B. Db Grbss, M.E.. Chief of Testing Department, Crocker- Wheeler Com- 
pany. With X46 Illustrations. Medium 8vo, cloth . . JV^/ 12/- 

ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnetism. 
Bv A. A. Atkinson, Professor of Electricity in Ohio Univer<dty. Crown 8vo, 
cloth Net 9/0 

"To teachers and those who already possess a fair Icnowledee of th^r subject we can recom- 
mend this book as beinf; useful to consult when requiring data or formube which it is neither con- 
venient nor necessary to retain by memory."— 7*A* SUctrician, 

SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working. Founded in mut on WGnscmbn- 
dorff's " Traits de T^ligraphie Sous-Marine," and Compiled from Authorita- 
tive and Exclusive Sources. ByCHARLBS Bright, F.R.S.E., A.M.Inst.C.E., 
M.I E.E. 780 pp., fully Illustrated, including Maps and Folding Plates. 
Royal 8vo, cloth Net £3 8«. 

" There are few. if any, persons mora fitted to write a tnatise on submarine teleipaphy than 
Mr. Charles Briffht. He has done his work admirably, and has written in a way which wiD 
anneal as much to the layman as to the engineer. This admirable volume must, fbr many years to 
come, hold the position of the English classic on submarine telegraphy."— £fiyiKN««r. 

" This book is full of information. It makes a book of reference which should be in every 
engineer's library." — Nature. 

THE ELECTRICAL ENQINEER'5 POCKET-BOOK. 

Consisting of Rules, Formulae. Tables, and -Data. By H. R. Kbmpb, 
M.I.E.E., A.M.InstCE., Teconical Officer Postal Telegraphs, Author of 
"A Handbook of Electrical Testing," &c Second Edition, thoronghlv 
Revised, with Additions. With numerous Illustrations, jamo, leather 6/0 

" It is the best book of Its \dnd."—BUciHca/ Sngituer. 

" The Electrical Engineer's Pocket-Book is a good one."— ^/iKirMMi. 

" Strongly recommended to those engaged in the electrical industries."— jrAcfrfaat/ Xtpiew, 

POWER TRANSMITTED BY ELECTRICITY. 

And applied by the Electric Motor, including Electric Railway Constraction. 
Bv P. Atkinson. A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 04 Illtistrations. Crown 8vo, cloth . . Net 9'0 

DYNAMIC ELECTRICITY AND MAGNETISM. 

Bv Philip Atkinson, A.M., Ph.D., Author of "Elements of Static 
t/lectncity. ^c. Crown 8vo, 4x7 pp., with xao Illustrations, cloth . IQ/O 
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THE MANAGEMENT OP DYNAMOS. 

A Handybook of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lommis*Patbbson. 

Third Edition, Revised Crown 8vo, cloth 4/6 

** Tbe subject Is treated m a manDer which any intelUffent man who is fit to be entrusted with 

Cham of an engine should be able to understand. It is a nseful book to all who make, tend, or 

emiiloy electiic machinery "— ^rcAfXcet. 

HANDBOOK FOR THE USE OP ELECTRICIANS. 

In the Operation and Care of Electrical Machinery and Apparatus of the 
U. S. Sea-Coast Defences. By Geo. I* Anderson, A.M., Captain 
U. S. Artillery. Prepared under the direction of the Lieutenant-Genera! 
Commanding the U. S. Army. Royal 8vo, cloth . . . Net 21 /O 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopedia of Words and Terms Used in the Practice of Electrical 
Engineering. Containing upwards of 3,000 definitions. By T. O'Conor 
Sloanb, A.M., Ph.D. Third Edition, with Appendix. Crown 8vo, 6qo pp., 

300 lUnstrations, cloth Net 7/6 

"^e work has many attractive fsatures In It, and Is, beyond doubt, a weO put together and 

useful pnbfication. The amount of sround covered may be satfaered from the tact that in tbe index 

about S.000 refeteaces win be fonjoAj'—BltciHcal Rtt/iem. 



ELECTRIC LIGHT FITTINO. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. XJrquhakt. With numerous Illustra- 
tions. Fourth Edition, Revised. Crown 8vo, cloth .... 5/0 
" This voluuM deals with the mechanics ot electric Ughting, and is addressed to men who 
are abeady engaged in the work, or are training for it. The work tra ye ri e i a ffveat deal of ground, 
and may be read as a sequel to the author's useful work on 'Electric Light. '^-^/K«nM<m. 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 

Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 

By J. W. Ukquhart, C.E. Sixth Edition. . Crown 8vo, cloth . . 7/6 

** The wtiole ground of electric lighting Is move or less covered and explained In a very dear 

and concise manner. "SUdrietU RtvUw. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Electricians- 

in-Charge. Embracing Framework Buuding, Field Magnet and Armature 

Winding and Grouping, Compounding, &c. By J. W. Urqdhart. Second 

Bkiition, Enlarged, with 1x4 Illustration . Crown 8vo, cloth 7/6 

** Mr. Urquhatf s book b the fust one which deals with these matters hi such a way that the 

en gi n ee tta g student can understand them. The book is vwy readaUe, and the author leads his 

rea'iets up to difficult subjects by leesonably simple tMt%."-'Sngi$utnntr R*»i*m. 



ELECTRIC. 5HIP-LIQHTINO. 

A Handbook on the Practical Fitting and Running of Ships' Electrical PlanL 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Ensineers-in-Charge. By T. W. Urquhart, C.E. Second Edition, Revised 
and Extended. With 88 Illustrations, Crown 8vo, cloth . . . 7/6 
" Mr. Urquhart is to be highly complimented for placing such a valuable work at the service 
of marine electricians."— rA< SUamsM^. 

ELECTRIC LIQHTINQ (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbbll Swinton, M.InsLCE., M.I.E.E. Fifth Edition. 
With x6 Illustrations. Crown Svo, doth 1/6 

ELECTRIC LIGHT FOR COUNTRY H0U5E5. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Thhrd Edition, Revised. Crown Svo, wrapper . . 1/0 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing Illustrations and Detailed 
Instructions for Constructing a Small Dynamo to Produce the Electric Light. 
By AuTKBD Cbopts. Sixth Edition, Revised. Crown Svo, cloth . 2/0 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M> Nqap, F.KfS. 6jo pp., with 470 Illqstrauoay. Crown Svo, cloth. 

9IQ 
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ARCHITECTURE, BUILDING, ETC. 



SPECIFICATIONS IN DETAIL. 

By Frank W. Macby, Architect, Author of " Conditions of Contract. 
Second Edition, Revised and Enlarged, containing 644 pp., and 2,000 Illustra- 
tions. Royal 8vo, cloth. [Just Publisfud. Net 0,110 

Summary op Cohtbnts :— Gbnbrai. Notes (including Points in spbcification 
wrmng. the order op a specipication, and notes on items often omrttbd 

FROM A SPECIFICATION).— Form OP OUTSIDE COVER TO A SPECIFICATION.— SPBCIFICA- 

TfON CF Works and List of gbmerai. coNDmoNs.— preliminary items (including 
Shoring and house Bkeakee).— drainage (iNCLUorNG Rain.water Wells and 
REPORTS).— Excavator (including Concrete Floors, roofs, stairs, and walls). 
—Pavior.— Bricklayer (including Flintwork, River and other Walling, Spring* 
WATER Wells, storage Tanks, Fountains, Filters, Terra Cotta and Faience).— 
Mason.— Carpenter, J9iner and Isonmongbr (including Fen'cing and Pilingi.— 
smith and Founder (including Heating, FrRE Hydrants, stable and Cow-house 
F(ttings».— slater (including slate Mason).— Tiler.— Stone Tiler.— Shinglbr.— 
Thatcher. — plumber (including Hot-water workk — Zincworker. — Copper- 
smith. — Plasterer. — Gasfhter. — bellhangbr. — Glazier. — Painter.— Papbr- 

HANGBR. — GB'^BRAL REPAIRS AND ALTERATIONS.— VENTILATION. — ROAD-MAKING— 

EuBC'iRic Lighting.— INDEX. 

PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preparii» for Examinations, and a Book of 
Reference for Persons Eng^oed in Boildin^. By John Parmbll Allxn, 
Sorvejror, Lecturer on Boilding Constmction at the Durham CoU^e of 
Science, Newcastle-oo-Tyne. Fourth Edition, Revised and Enlarged. 
Medium 8vo, 570 pp., with over x.ooo lUustratioDs, doth. 

{Just Publishtd. Net-rm 

" Th» most c o mplet e expodtlon of buflding c ciartfuc tlon we hare scml It contains aU that Is 
neceamy to prapaie midents fbr the various examinations In IwiihWng constnictlon. "--BinUimg 
News. 

" The author depends neariv as mnch on hb diagmms as on Us type. The poms snggest 
the hand of a man of experience in building opeiattona ■ and tbm Tolume must be a Meas iiy to 
many teachers as well as to students."- TTv Architect 

PRACTICAL MA50NRY. 

A Guide to the Art of Stone Cutting. Comprising the Coostraction, Setting 
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden- 
tiveS| Vaults, Tracery Windows, &c. ; to which are added Supplenients 
relating to Masonry Estimating and Quantity Surveying, and to Building 
Stones aid Maibles, and a Gkissury of Terms. Tot the Use of Students, 
Masons, and Craftsmen. By William R. Pubchasb, Building Inspector to 
the Borough of Hove. Fifth Edition, Enlir^ed. Ro]ral 8vo, 9a6 pp., with 
59 Lithographic Plates, comprising over 400 Diagrams, cloth. 

• t— [/t«/ P«6l»sA«rf. Netim 

The book Is a practical tieatlae on the subject, the author himself havlnsr coomienced as an 
operatiTe mason, and afterwards acted as (branan mason on many large andunpoitant buildings 
prior to the attainment of his present potion. Most of the examples ifiven are from aaual wont 
carried out. It should be feond of genntal utility to architectural snidents and others. 9S well as to 
those to whom it is specially addressed."— S^^Mf^s/ «/the R^tU Instttute ^BriHsh ArckOtets. 

MODERN PLUMBING, 5TEAM AND HOT WATER 

HBATINQ. 

A New Practical Work for the Plumher, the Heating Engineer, the Architect, 
and the Builder. By J. J. Lawler, Author of " American Sanitary Plumbing,' 
&c. With 284 Illustrations and Foldmg Plates. 4to, cloth . Net 21/- 

HEATING BY HOT WATER, 

VENTILATION AND HOT WATER SUPPLY. 

By Walter Jonks. M.LM.E. 360 pages, with 140 Illustrations. Medium 
8vo, cloth. {Just Published. Net 6/0 

CONCRETE: ITS NATURE AND U5E5. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 
Gborgb L. Sutclippb, A.R.I.B.A. S'^cond Edition, thoroughly Revised 
and Enla-gel. 396 pp., with Illustrations. Crown 3vo, dorh. 

\Jnst Published. Net 9/0 

" The author traati a difficult subject in a ludd maaner. The manual fiUs a lon^-felt gap. 
It b careful and exhauttlTe ; equally useful as a student's guide and an sichltpct's boo| of 
reference."— ytfMrm/ ^fthe Rcyl InstUtit* 0/ British Arehtteets, 
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LOCiCWOOD'5 BUILDER'5 PRICE BOOK for 1905. 

A Comprehensive Handbook of the Latest Prices and Data for Bonders, 
Architects, Engineers, and Contractors. Re<onstmcted, Re-written, and 
Greatly Enlarged. By Fkanqs T. W. Milubk. 800 closely-printed paees, 
crown 8vo, docb. \Just Published 4/0 



** This book b a vwy osaftil one, and thoold find a place In eversr Rngitoh office connacted 
with the bufldfaig and engmeeiing psoiaariooSi "—Indtutriiu, 
" An esccuient book of remence."— WrdUteet 
" C jmpce lonilTe, rrilable, well amuiged, leelble, and weO \xnxA,'*~-BriUsh ArthUtet. 

MEASURING AND VALUING ARTIFICERS' WORK 

S^he Student's Gnid« to the Practice oQ. Containing Directions for taking 
imensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and lot the Calculation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by E. W. Tarn, M.A. Seventh Edition, Revised. Crowm 8vo, cloth. 7/6 
"The most complete treatlae on the principles of measuring and valuins^ artificers' work.' 

TECHNICAL GUIDE, MEA5URER. AND ESTIMATOR. 

F(X- Builders and Surveyors. Containing Technical Directions for Measurii^ 
Work in all the Bmlding Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C Beaton. Ninth Edition. Waistcoat-pocket sixe. 1 /6 
" No balkier, architect, surveyor, or vahaer shonid be without his ' Beaton. ' "~^uadin£ N«ws. 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build. Alter, or Repair ? A Price Book for Un- 
professional People as well as tne Arcnitecturai Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Millbk, A.R.I.B.A. Fifth Edition. 

Carefully Revised. Crown 8vo, doth Net 8/6 

" In two yean It wlU repay Its cost a hundred ttanos awv."—Pield. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. Upon the Basis 
of the Work by A Baktholombw. Revised, Corrected, and greatly added to 
by F. RoGBKS, Architect. Third Edition. 8vo, cloth ... 1 6/0 
'* Ooe of the books with which every young aichltect most be equlpped."-.«^fvMAK«. 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 

House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O 

Fbkguson. Third Edition. 8vo, boards 8 '6 

**It Is the most faiteOigible of the treatises on this ID-treated subject that I have met with — 
B. INGRBSS BBLL, ESQ., In the RJ.B.A. Jouimal, 

PRACTICAL RULES ON DRAWING. 

For the Builder and Young Student in Architecture. By G. Ptnb. 4to. 8/6 

THE MECHANICS OF ARCHITECTURE. 

A lYeatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W. Takn, M.A.. Author of ^ The Science of Building," &c. Second 
Edition, Enlarged. Illustrated with xas Diagrams. Crown 8vo, doth 7/6 
" The book Is a vefy useful and helpful manual of architectural mechanics."— ^M^'oier. 

A HANDY BOOK OF VILLA ARCHITECTURE. 

Beinp a Series of Designs for Villa Residences in various Styles. With 
Outlme Specifications and Estimates. By C. Wickbs, Architect, Author of 
" The Spires and Towers of England," &c. 61 Plates, 410, half-morocco, gilt 
edges ... £1 lit. 6d. 

DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambbks, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination op Grsqan Arcmitbctdrb, by Joseph Gwilt, F.S.A. 
Revised and Edited by W. H. Lbbds. 66 Plates, 4to, cloth . 21/0 

THE ARCHITECT'S GUIDE. 

Being a Text*book of Useful Informatioo for Architects, Engineers, Su rv e yo r s , 
CoptrKCtors, Clerks of Works, ftc. By F. Rogers. Crown 8vo. 9/0 
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SANITATION AND WATER SUPPLY. 



THE PURIFICATION OF 5BWAQE. 

Being a Brief Acooant of the Sdentific Principles of Sewase Pnrificadon, and 
their Practical Applicatioa. By Sidnbv Bakwisb, M.D. (Lend.). B.Sc., 
M.R.C.S., D.P.H. (Camb.), Fellow of the Sanitary Institute. MedtcaJ Officer 
of Health to the Derbyshire Coanty Council. Second Ed'tion, Revised and 
Enlarged, with an Appendix on the Analysis of Sewage and Stwage Effluents. 
Wi h numerous illustrations and Diagrams. Demy 8vo, c'oth. 

Wtst published. Aet 10/6 

Summary of contbnts: — Sbmagb: its Nature and Compositiom.— thk 

Chemistry OP Sewagb.— Varieties OF Sewage and the Changes it Undergoes.— 

RIVF.R POLLUTION AN. > ITS EFFECTS.— THE LAND TREATMENT OF SEWAGE,— PRECIPI- 
TATION, precipitants. and Tanks.— The Liquefaction of Sewage.— principles 

I^VOLVED IN THE OXIDATION OF SEWAGE.— ARTIFICIAL PROCESSES OF PURIFICATION.— 

AUTOMATIC Distributors and special Filters.— Particulars op Sewerage and 
SEWAGE Disposal schbmbs required bv Local Guvbrnm&nt Board.— Useful 

TiA.TA.—A^^en(iix: THB APPARATUS REQUIRBO FOR SEWAGE ANALYSIS.— STANDARD 
SOLUTIONS USED IN THB MBTHOD OF StlWAGB ANALYSIS.— 7aA/«X ; ESTIMATION OF 
AMMONIA.— NlTR^CBN AS NITRATES.- INCUBATOR TEST, OXYGBN ABSORBBO.— TO 
CONVERT GRAINS PER GALLON lO PARTS PBR 100,000. 

THE HEALTH OPFICER'5 POCKET-BOOK« 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. WiLLOUGHBT, M.D. (Loud.), ftc Second Edition, Revised and Enlsreed. 
Fcap. 8vo, leather Net 1 0/6 

" A mine of condensed infoimation of a pertinent and useful kind. The various subjects 
of which it treats r>eine succinctly but fully and sc^totiftcaliy dealt with."— The Lancet. 

" We recommend aU those enp«ed in practical sanitary work to furnish themselTes with a 
copy for reference." — Sanitary yournat. 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Ridbal, D.Sc. Lond.,^ F.I.C. Second 
Edition, Revised, with Additions, including numerous Illustrations and Tables. 
Lar);e Crown 8vo, doth Net 9/0 

RURAL WATER SUPPLY, 

A Practical Handbook on the Supply of Water and Construction of Water* 
works for Small Country Districts. By Allan Grbbnwkll, A.M.LC.E., 
and W. T. Curry, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 5/0 

THE WATER SUPPLY OP CITIES AND TOWNS. 

By William Humbbr, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half* 
bound morocco. (See plage xi.) Net £6 6S. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATBR-W0RK5. 

By Pkofbssqr W. R. Buston, A.M. Inst. C.E. Second Edition, Revised 
and Extended. Royal 8vo, cloth. (See page xo.) .... £1 6s. 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. CE. 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Chaklbs Slagg, A. M. Inst. CE. Crown 8vo, ck>th . 8/0 

PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BuCHAN. Ninth Edition, Enlarged, with 500 Illustrations. Crown 8vo, 3/6 

VENTILATION, 

A Text-book to the Practice of die Art of Ventilating Buildings. By W. P. 
6VCHAN, H.P. QrowQ8vo,c|g^ . . , 9/6 
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CARPENTRY, TIMBER, ETC. 



THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treadae oo the Pressure and Equilibrium of Timber Framing, the Resistance 
of Timber, and the Constnaction of Floors, Arches, Bridges, R00&, Uniting 
Iron and Stone with Timber, &c To which is added an Essay on the Nature 
and Properties of Timber, &c, with Descriptions of the kinds of Wood used 
in Buildmg ; also numerous Tables of the Scantlings of Timber for different 
purposes, the Spedfic Gravities of Materials, &c. By Thomas Trsdgold, C.£. 
Witn an Appendix of Specimens of Various Roofs of Iron and Stone, Illus* 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
E. WvNDHAM Tarn, M.A., Author of "The Science of Building," &c. 
With 6z Plates, Portrait of the Author, and several Woodcuts. In One large 
VoL, 4to,cloch £1 6a. 

** Onght to be In ereiy aichltect's and every builder'i Hbrny."— Aii^tfcr. 

"A wofk whoie monumental exceOence most commend It whererer skilful carpentry is 
concerned. The author's principles are rather confirmed than fanpaiittd by time. The additlotal 
plates are of great intrinsic value."— ^MtfriJMtf' A'irstf 

WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Management of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers. By 
M. Powis Balb, A.M.Inst.C.£., M.I.M.E. Second Edition, Revised, 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

** Mr. Bale is evidently an expert on the subject, and he has c ol l ec t ed so much fenlbnnation 
durt his book is aD-sttflkient for builders and others engased in the ooovetsioo of timber. ''--^fvA^llr^ 

*' The most compiehcnsive compendium of irood-wotUng machinery we have seen. The 
author Is a tiioioagh master ef his safa|ect''-^MMAMir A'raw. 



SAW MILLS. 

Their Arrangement and Management^ and the Eoonomical Conversion of 
Timber. By M. Powis Balb, A.M!.Inst.C.E. Second Edition, Revised. 
Crown 8vo, cloth 1 0/6 

** The admiftistrtUien of a la^^e sawing estabUshment Is discussed, and the subject examined 
from a financial standpoint. Hence the sixe, shape, order, and disposition of saw mflis and the like 
are gone into in detail, and the course of the timber is traced from its reception to its delivery in its 
oo a vrted state. We oould not desire a more complete or practical treatise.''— Am^Mtt. 

THE CARPENTER'S OUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Caipentry. Founded on the late Pbtbk 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitbl, 
F.S.A. Together with Practical Rules on Drawing, by Gborgb Pynb. 
With 74 Plates, 4to, cloth £1 Is. 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing>up, and Squaring the Wreath. By Gborgh 
CoixiNGS. Revised and Ezuarged, to which is added A Trbatisb on 
Staik-building. Third Edition. With Plates and Diagrams. lamo, cloth. 

2/6 

" Win be' found of practical utility in the execution of this difficult branch of Jofaiery."— ^m^^U^^. 
** Afanoet every dfficult phase of this somewhat intricate branch of Joinery is elucidated by 
the aid of platas and erpianarory letterpress."— ^Mrwcltorv GatMU. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 
Gbobgb Collings. With Diagrams. Fourth Edition, zamo, cloth . 2/6 

** An eaceOent example of what a book of this kind should be. Cheap In price, clear in 
definitio n , and practical in the examples selected."— ^A«tf«br. 

THE CABINET-MAKER'5 OUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Richard Bitmbad. illustrated with Plans, Sections and Working 
DrawingB. Crown Svo, cloth 2/6 
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HANDRAILINQ COMPLETE IN EIGHT LESSONS. 

On the Square-Cm System. By^. S. Goudthokp, Teacher of Geometry 

and Building Construction at the Halifax Mechanics' Institute. With Eight 

Plates and over 150 Practical Ezerdses. 4to, cloth .... 8/6 

" LOMtjr to be of conaidenblB value to Jobiets aad odien who take a pdde lii good wock. 

The MTMigenieBt of tlie book h wtceBant. we heattPy conunend It to teachais and stndents."— 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure- 

ment of Deals and Battens, of all sizes, and other Us* ful Tables for the use of 

Tiiilber Merchants and Builders. By William Dowsing. Fourth Edition, 

Revised and Corrected. Crown 8vo, cloth 3/0 

" We are glad to see a fourth edition of these admirable tables, which for cdrrectness and 
simplicity of arxidigement leave nothing to be daind."— Timber TrtuUs yourtuU, 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Sunreyors, Builders, ftc., 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 

" This handy manusd contains much valuable information fiE>r the use of timber mesduutts, 
builders, foresters, and all others connected with the growth, sale, and manufacture of timbec."— 

PACKING-CASE TABLES. 

Showii^ the number of Supwficial Feet in Boxes or Packing-Cases, from six 

inches square and upwards. By W. Richardson, Timber Broker. Third 

Edition. Oblong 4to, cloth 3/6 

" Invaluable labour-saving tables."— /fwtMMV*''* 
** Will save much labour and calculation. "~-6r«:«r. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calctdated from z to aoo inches in length by z to zo8 inches in breadth. 

For the use of Architects, Surveyorsj Engineers, Timber Merchants, 

Builders, &c. By Jambs Hawkings. Fifth Edition. Fcap., cloth. 3/6 

" These tables will be fotmd of great assistance to all who require to make calailations of 
superficial xatasattxaeat."'— English Mechanic. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charlbs E. Curtis, 
F.S.I., Professor of Forestry, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second Edition, 
Revised. Crown 8vo, cloth 3/6 

Prefatory Remarks. — Objects of Planting. — Choice of a Forester. — 
choice of soil and site.— laying out of land for plantations.— preparation 
of the ground for planting.— drainage.— planting.— distances and distri- 
bution of trees in plantations.— trees and ground game.— attention after 
planting.— thinning of plantations — pruning op forest trees.— realization. 
—Methods of Sale.— Measurement of Timber.— Measurement and Valuation 
OP Larch Plantation.— Fire Lines.— Cost of Planting. 

" Mr. Curtis has in the course of a series of short pithy chapters afforded much infoima* 
tion of a useftil and practical character on the planting and subsequent treatment of trees."— 
illustrated Carpenter and Buildtr, 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, doth . 10/0 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 

BUILDER'S STANDARD QUIDB. 

By Richard £. Grandt. Comprising: — An Analysis of Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate Expenses, Freight, Insurance, &c., &c ; together with oopions 
Informacioo for the Retailer and Builder. Third Edition, Revised. t2mo, 

cloth 2'0 

" Everythins: it pretends to be: built up gradually, it leads one from a forest to a treenail, and 

throws in. as a makeweight, a host of material concemine bricks, columns, cisterns. Sic"— English 

Mechattie, 



DSCORATtVS ARTS, &c, jx 



DECORATIVE ARTS, ETC. 



SCHOOL OP PAINTING POR THE IMITATION OP 

WOODS AND MARBLBS. 

As Taught and Practised by A. R. Vam dbk Busg and P. Van dkr Burg, 
Directors of the Rottodam Painting Institati<m. Royal folio, x8} by za^ in., 
Illustrated with 34 full-siae Coloured Plates ; also za plain Plates, comprising 

Z54 Figures. Fourth Edition cloth Net £1 6i. 

List oi^ Pl.a'I'Ks 
z. Various Tools rsquirbd for wood PAiirnNa— «. g. walnut; preliminary 

STAGBS of graining jdtD FmiSHBD SPBCIMBN. — 4. TOOLS USBO FOR MARBLB 

Painting and mbthod of manipulation.— 5, & ST. rbmi Marblb; earlibr 

OPERATIONS AND FXNISHBD SPBCIMBN. — y. METHODS OF SKBTCHING DIFFERENT 
GRAINS, KNOTS, &C.— «, a ASH: PRELIMINARY STAGES AND FINISHED SPBCI' 
MEN. — to. METHODS OF SKETCHING MARBLE GRAINS. — IZ, ZS. BRECHE MARBLE ; 
PRELIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.— ZS. MAPLE ; METHODS 
OF PRODUCING THE DIFFERENT GRAINS.— Z4, Z5. BiRD'S-EYE MAPLE; PRELIMINARY 
STAGES AND FINISHED SPECIMEN.— zA. METHODS OF SKBTCHING THE DIFFERENT 
SPECIES OF WHrrE MARBLE.— Z7, z8. WKfTB MARBLE ; PRELIMINARY STAGES OF 
PROCESS AND FINISHED SPECIMEN.— Z9. MAHOGANY ; SPECIMENS OF VARIOUS GRAINS 
AND METHODS OF MANIPULATION. —90, az. MAHOGANY; EARLIER STAGES AND 
FINISHED SPECIMEN.— 98, 93, 94. SlENNA MARBLE: VARIETIES OF GRAIN, PRELIMINARY 
STAGBS AND FINISHED SPECIMEN.— ■$. 96, 97. UmiPER WOOD; METHODS OF PRO- 
DUCING GRAIN, Ac ; PRELIMINARY STAGBS AND FINISHED SPECIMEN.— aS, 90, jOi VERT 
OB MBR MARBLB; VARIBTIBS OF GRAIN AND METHODS OF WORKING, UNFINISHED 

AND Finished specimens.- sz, 39, 33. Oak ; Varieties of Grain, Tools employed 

AND methods of MANIPULATION, PRELIMINARY STAGBS AND FINISHED SPBCIMBN.— 
34. 3Sf 36. WAULSORT MARBLB; VARIBTIBS OP GRAIN, UNFDflSHBD AND FOflSHBO 
I^BCIMENS. 

"Those irtio deiiie to attain skfll in the ait of painting: woods and marbles wfll find adrantage 
tai CTiTffitt*"g this boolc. . . . Some of tiie Woikmis Men's dubs slioukl give tiieir young men 
the opportunity to study ^"—BuUtUr. 

" A oompiebenaiTB guide to the ait. The explanatioas of dieprocenes, the manipulation 
and management of the colbun, and the beaudAiHy executed plates wHlnot be the least valiiable to 
tiie student who aims at maldng his work a faithful tianaciipt oitataun."^BMiidi»ig Ntwu. 

"Students and novices aie fimnnate wiio aie aide to become the possewois of so noble a 



BLBMBNTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By Jamks W. Facby. With numerous Illus- 
trations. In One Vol., strongly naif-bound fi/0 

H0U5E PAINTING, ORAININO, MARBLING, AND 

SiaN WRITINQ. 

A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 

Coloured Plates and Wood Engravings. Crown 8vo, doth . 6/0 

" a maas of information of use to the amateur and of value to the pcactlcal mMik."—Bn£iish 

THE DECORATOR'5 A55I5TANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c Containing upwards of 600 Receipts, Rules, and Instructions ; 
with a variety of Information for General Work connected with every Class of 
Interior and Exterior Decorations, &c Eighth Edition. Cr. 8vo . 1 /O 

" FuH of receipts of value to decoratois, painteis, gilders, &c. The book contains the gist of 
lasger treatises on colour and technical processes. It would be difficult to meet with a worit so AiU 
of varied infoimatlon on the painter's axC'^BtmldiMg Airwc. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By Gborgb H. Blagrovx, Author of " Shoring and its Applica- 
tion, " &c With 98 Illustrations. Crown 8vo, cloth .... 3/6 

" Thik most useful and much wanted handbook should be In the hands of every arcliitect and 
builder. "^Aa*M<wv Atrnk. 

"A caiefuHy and usefully wrlttaa trtatise ; the work is essentlaUy practical."— &)M!iwmhs. 
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DELAMOTTE 8 WORKS ON ILLUMINATION AND 

ALPHABETS. 



ORNAMENTAL ALPHABETS, ANCIENT ft MEDIiCVAL. 

From the Eigbdi Cenmry, witb Nmnerals; iwchiHing Gochic, Chmcfa-Text. 



large and smaJl, Gemum, ItaJum, Anbesqne, Imdals for lUumiaation, 

lae of Architectiiimi 



Monograms, Crones, &c., for the use of Architectiiimi and Bngineering 
Dran^tsmen, Missal Painters, Masons, Decorative Painters. Lithographers, 
Engravers, Carvers. &c., &c. Collected and Engraved br F. DBLAMorrm, 
and printed in Coumn. New and Cheaper Edatioo. Royal Svo, oblong, 
ornamental boards 2/6 

** For t ho — who Inseft anineiled awHeeces roond gilded chaHcet. who bksoD riiop legends 
uT«r chop-doors, who letter cbiuch walk with pithj leBteocM tton the Decalogne, thta book wiD be 
uieiuL "'-AtH e ft a u t H. 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspectiye, Gre^ Hebrew, 
Court Hand, En^ossingj Tuscan, Ribamd, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the R<»nan ami Old English 
Alphabets, large and small^ and Numerals, for the use of Draughtsmen, 
Surveyors, Masons^ Decorative Painters, Lithographers. En g r a ver s , Carvers, 
&c Collected and Engraved by F. Dklamottb, ana printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards 2/6 

" Tbete Is compmed in it wngf poMible riuq>e into iriiich tlie lettan nt the afaihabet and 
numenls can be fonned, and the talent wliich has been espaidad In die oonoept i oB ot the veiious 
plain and ornamental leneiB It wondetfiiL*' 



MEDI/EVAL ALPHABETS AND INITIALS. 

By F. G. Dklamotts. Containing sx Plates and Illuminated Title, printed 

in Gold and Colours. With an Introduction by J. Willis Brooks. Fifth 

Edition. Small 4to, ornamental boards Net SfO 

"A Tohame in which the letten of the alphabet come foith glorified in gfldfaig and all the 
cokNus of the prism interwoven and intertwined and intermingled. "^5tw>. 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
printed in Gold and Colours. By F. Dklamotts. New and Cheaper 
Edition. Small 4to, ornamental boards B/0 



" The examples ef ancient MSS. reopmmended to the student, iriiicli, with much good 
the author chooses from collections accewible to aU, are selected with JudgoMBt and knowledge as 
well as taste. "—^iMuMMMM. 

THE EMBROIDERER'S BOOK OF DESIGN. 

Containing Initials^ Emblems, Cyphers, Monograms, Ornamental Borders. 
Ecclesiastical Devices, Mediaeval and Modem Alphid>ets, and National 
Emblems. Collected by F. Dklamottk, and printed in Colours. Oblong 
royal 8vo, ornamental wrapper Net 2i0 

" The book will be of great aaristance to ladles and young cUldsen irtio are endowed with 
the art (rf plying the needle in this most ornamental and uaeAil pretty woilc"—AM«^M|fMe» Ttma. 



WOOD-CARVINQ FOR AMATEURS. 

With Hints on Design. By A Lady. With lo Phoes. New and Cheaper 

fikiition. Crown 8vo, in emblematic wr a pper Si/0 

" The handicraft of the wood<arTer, so well as a book can impart it, may be learnt from ' A 
Lady's ' publication. "--.<<M<»Mn»M. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Indadmg 
Fresco, Oil, Mosaic, Water-Colonr, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c Fifth 
Edition. Crown 8vo, doth fi/Q 

*•* Ado^tsd a$ a Priu Book at South KmsmgUm. 

" Much may be le.ii tied, eren by those who fancy they do not requite to be taught, &om the 
careful perusal of this unpieteuding but compichcnsive treatise. "^^Art yoummt. 
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NATURAL SCIENCE, ETC. 



THE VISIBLE UNIVBR5E. 

Chapters on the Origin and Construction of the Heavens. By T. B. GokBi 
F.R.A.S., Author of ^' Star Groups," &c lUustrated by 6 Stellar Photographs 
and xa Plates. Demy 8vo, cloth 1 6/0 

STAR GROUPS. 

A Student's Guide to the Constellations. By J. Ellard Gorx, F.R.A.S., 
M.R.I.A., &C., Author of "The Visible Universe," "The Scenery of the 
Heavens,'* &c. With 30 Maps. Small 4to, cloth 6/0 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects. By J. Ellard Gokb, 
F.R.A.S., Author of " The Visible Universe," &c. Small crown 8vo, cloth. 

THE MICROSCOPE. 

Its Construction and Management. Including Technique. Photo-micrography, 
and the Past and Future of the Microscope. By Dr. Hbnri van Hburck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wtnnk E. Baxter, F.G.S. Imp. 8 vo, cloth .... 18/0 

A MANUAL OP THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conchological 
DiscovBRiBS, by Ralph Tate, A.L.S., F.G.S. With 93 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Edition (x88o). Crown 8vo. 
cloth 7/6 

THE TWIN RECORDS OF CREATION. 



Or, Geology and Genesis, their Perfea Harmony and Wonderful Concord. 
By G. W. V. lb Vaux. 8vo, cloth 6/0 

LARDNER'S HANDBOOKS OP SCIENCE. 
HANDBOOK OP MECHANICS. 

Enlarged and re-written by B. Loewy, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. LoBwv, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OP HEAT. 

Edited and re-written by B. Loewy, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OP OPTICS. 

New Edition. Edited by T. Olvbr Harding, B.A. Small 8vo, cloth 6/0 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Edited by Geo. C. Foster, B.A. Small 8vo, cloth .... 6/0 

HANDBOOK OP ASTRONOMY. 

Revised and Edited by Edwin DuNKiN, F.R.A.S. 8vo, cloth . . 0/6 

MUSEUM OP SCIENCE AND ART. 

With upwards of z,aoo Engravings. In Six Double Volumes, £1 1 a. Cloth, 
or half-morocco £1 lis. 6d. 

NATURAL PHILOSOPHY POR SCHOOLS . . 3/6 
ANIMAL PHYSIOLOGY POR SCHOOLS . 3/6 

THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bright, F.R.A.S. Fcap. 8ve, cloth 2/6 

I. c 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



THE OIL FIELDS OF RU551A AND THE RUSSIAN 

PETROLEUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploltatioii, and Management 
of Russian Oil Properties, including Notes on the Oru;in of Fetroleum in 
Russia, a Description of the Theory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concemii^ Russian Oil P rope rti es. 
By A. Bbbby Thompson, A. M. I.M.E., late Chief En^^ineer and Manager of the 
European Petroleum Company's Russian Oil Properties. About 500 op., with 
numerous Illustrations and Photographic Plates, and a BCap of the Baialdiany- 
Saboontchy'Romany Oil Field. Super-royal 8vo, cloth. 

[fust PttbUsked, NetmSBm. 

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 

Bv A. C. Wkight, M.A.Ozon., B.ScLond., formerly Assistant Lectnrer ia 
Chemistry at the Yorkshire College, Leeds, and Lectorer in Choustry at the 
Hull Technical School. Demy 8vo, cloth iv«^ 9'0 

THE QAS ENGINEER'S POCKET-BOOK. 

Comprising Tables, Notes and Memoranda relating to the MaaafiKtiire, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'CoNNOB, A.M.Inst.C.E. Second Edition, Revised. 470 pp., crown Svo, 
fully Illustrated, leather 10^6 

" The book contains a rait amouat of faifotmation. The author sues coosecutivdjr ttaroi^ 
the angtaeering details and practical methods inrolred fai each of the aUTersiit proceMei or 



of a gas>woi1a. He has certainhr sncceeded in making a compflatioa of bara matten 01 fret 
abioluteiy interestinflr to read."— <^ W&rld. 

" The volume contains a great quantity of speciaHaed Informatkia, compiled, we beBefe, froai 
trustworthy sources, which should make it of considerable value to tlioae fior whom it is sp e dfcaBy 
j)mAiaiotA,—Bnginur. 

LIQHTINO BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.B. 
With 66 Illustrations. Crown 8vo, cloth 7/6 

ENQINEERINO CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, bos 
Masters. Iron Founders, Students and others. Comprisinp; Methods of Analysts 
and Valuation of the Principal Materials used in Ennneering Worie, wUh 
numerous Analyses, Examples and Suraestions. By H. Joshua Phillips, 
F.I.C., F.C.S. Thurd Ediuon, Revised and Enlarged. Crown 8vo, 4*0 pp., 
with Plates and other Illustrations, cloth Het 1 0/6 

" In this work the author has rendered no small service to a numerous body of practic a l 
anen. . . . The analytical methods may be pronounced most satisfactory, being as acconfee as the 
despatch required of engineering chen&ti permits."— CAfwrdlai/ Nrms. 

" The analytical methods given vn^ja a whole, such as are lik^ to ghre rapid and trast- 
worthy results in experienced hands. . . . There is much excellent descriptive matter In the 
the chapter on 'Oils and LAibricatkm' being specially noticeable fai this I — - 



NITRO-EXPLOSIYES. 

A Practical Treatise concerning the Properties, Manulactare, and Anal3rsis 
of Nitrated Substances, including the Fulminates, Smokeless PowdenL and 
Celluloid. By P. Gbbald Sanpobd, F. I.C, Omsnlting Chemist to the Cotton 
Powder Company, Limited, &c With Illustrations. Crown 8vO| doth. 9/0 

" One of the very few text-books In wUch can be found Just what is wanted. Mr. Sanfoid 
goes steadily through the whole list of explosives commonhr used, he names asnr given explosive, 
and tells us of what it Is composed and how it is manu&ctureo. The book is exceuent.'*-^>yifaMer. 

A HANDBOOK ON MODERN EXPLOSIVES^ 

A Practical Treatise on the Manufacture and Use of Dynamite. Gim<CottoD, 

Nitro-Glycerine and other Explosive CompouncU, including Collodion-Cottoo. 

With Chapters on Explosives in Practical Application, fiy M. Eissubb. M.E. 

Second Edition, Enlarged. Crown 8vo, cloth 1 2/6 

" A veritable mine of informatiin on the subject of explosives employed for mUitary, minhiB 
•nd blasting purposes."— Wrwfj» «M</A^i{y Cejr^^^. 



CHEMICAL MANUFACTURES, CHEMISTRY, S^. 35 
A MANUAL OP THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. With 23a Illustrations 
and Working Drawings. Second Edition, with Additions. Super-roared 8vo, 
cloth £1 10«. 

** We find not mefely a sound and luminous explanation of the chemical principles of the 
tnde, twt a notice of numerous matters which have a most important bearing on the successftU 
oondnct of alkali worlcs, but which are generally overlooked bf even experienced technological 
■nthots."— CA««ff^te/ Revitw, 

DANQEROUS GOODS. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, &c. By H. Joshua 
Phillips, F.I.C, F.C.S. Crown 8vo, 374 pp., cloth .... 9/0 
** Merits a wide circulation, and an Intelligent, appradathre study."— CAovWIcs/ Ntwfs, 

THE BLOWPIPE IN CHEMI5TRY, MINERALOGY, Etc. 

Containing all known^ Methods of Anhydrous Analysis, manv Working 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . 6/0 

** The student who goes consdentlouslT througli the course of experlmentaition here aid down 
wQ gain a bttter insight mto inorguiic chenustry and mineralogy than If he had * got up ' any of the 
best text-books of the day, and passed any number of examinations in their contents. —CA«)»ie»/ 
Nems. 

THE MANUAL OP COLOURS AND DYE-WARE5. 

Their Properties. Applications, Valuations, Impurities and Sophistications. 

For the Use of D3rers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 

Second Edition, Revised and greatly Enlarged. Crown 8vo, doth . 7/6 

" There is no other work which covers precisely the same ground. To students preparing 
for examinations In dyeing and printing it will prove exceedingly va/^ML"— Chemical News. 

A HANDYBOOK POR BREWER5* 

Being a Practical Guide to the Art of Brewing and Malting. ^ Embracing the 
Coodusions of Modem Research which bear upon the Practice of Brewing. 
By Hbrbbrt Edwards Wright, M.A. Second Edition, Enlarged. Crown 
8vo, 530 pp., cloth ... 1 2/6 

" May be consulted with adventure by the student who is preparing himself for examinationa 
tests, whfle the scientific brewer will find in it a rirum/ of all the most important discoveries of 
modem times. The work is written tliroughoat in a clear and concise manner, and the author 
talces great caie to discriminate between vague theories and weU-esUbUshed &cts "—Bnwert' 

** We liave great pleasure in recommending this handy book, and have no hesitation in saying 
that It is one of the best— if not the best— which has yet been written on the subject of beer-biewing 
la thb country ; it should have a pbce on the shelves of every brewer's library."— Amiwrr' 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 
H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 

G.E. Rlwy. Fourth Edition. Crown 8vo, cloth 2/0 

" Otujilit to liave its place In the laboratory of every metallurgical establishment and wherever 
foal is uaedoQ a large scale. "—Cktmimi News. 

THB ARTISTS' MANUAL OP PIGMENTS. 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 
Adulterations, &c., with Tests of Purity. By H. C. Standagb. Third 

Edition. Crown Bvo, cloth 2/6 

** This woric is indeed muitum-4H-^rve, and we can, with good conscience, recommend it to 
■aD who cooM in contact with pigments, whether as makers, dealers, or users."— ^A«iw*m/ Review. 

A POCKET-BOOK OP MENSURATION AND QAUOINO. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. x8mo, leather 4/0 

SluMiId be in the tuuids of every practical baewer."— Armmv' yettrmti, 

c 2 
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INDUSTRIAL ARTS, TRADES, AND 

M ANUFACTURE S. 

THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 

By W. H. Johnson, F.L.S.; F R.H.S., Director of Agriculture, Gold Coast 
Colony, West Africa, Commissioned by Government in 1902 to visit Ceylon to 
Study the Methods employed there in the Cultivation and Preparation of 
Para Rubber and other Agricultural Staples for Market, with a view to Intro- 
duce them into West Africa. Demy 8vo, cloth. [Just Published* Net T/6 
Summary of Contents: — introductory. — the Para Rubber tree (Hevea 

brasiUensis) AT HOME AND ABROAD.— CULTIVATION OF THE TREE :— PROPAGATION.— 

Site for Plantation.— Distance Apart to plant the Trees.— Transplanting.— 
CULTIVATION.— Insect pests and Fungoid Diseases.- Collecting the rubber: 

— Various methods Employed in tapping Rubber trees. — Flow of Latex 
increased by Wounding the Tree.- How to Tap.— The Preparation of Rubber 
from the Latex :— Latex.— Various Methods Employfd in the preparation of 
Rubber.— Suggested Method for Preparing Rubber.— scrap rubber.— Yield of 
Para Rubber from Cultivated Trees :— Ceylon.— Malay Peninsula.— Gold Coast, 
West Africa.- Establishment and maintenance of a Para'Ruhber Plantation :— 
Ceylon.— Malay peninsula.— Commercial Value of the Oil in Hevea Seeds. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 
A. J. Wallis-Tavler, A. M. Inst. C.£. Medium 8vo, 468 pp. With ax8 
Illustrations Nvt 26/0 

Summary of Contents. 
Mechanical Cultivation or Tillage of the soil.— plucking or Gathering 
the Leaf.— Tea Factories.— The Dressing, Manufacture, or Preparation 
of Tea by Mechanical Means. — Artificial Withering of the Leaf.— 
Machines for rolling or Curling the Leaf.— fermenting Process.— 
Machines for the Automatic Drying or Firing of the Leap.— Machines for 
non-Automatic Drying or Firing of the Leaf.— Drying or Firing machines. 

— breaking or cutting, and sorting machines.— packing the tea.— means 
OF Transport on tea Plantations.— Miscellaneous Machinery and Apparatus. 
—Final Treatment of the tea.— Tables and Memoranda. 

" The subject of tea machinery is now one of the first interest to a large class of people 
whom we strongly commend the volume."— CAaiMfer o/Commtrce youmal, 

" Contains a very full account of the machinery necessary for the proper outfit of a factory, and 
also a description of the processes best carried out by this machinery."— ^^Mma/ SecUty o/Arts. 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Fribdrich Kick, Imperial 

Reeierungsrath, Professor of Mechanical Technology in the Imperial German 

Polytechnic Institute, Prague. Translated from the Second Enlarged and 

Revised Edition. By H. H. P. Powlbs, A.M.Inst.C.E. 400 pp., with 

a8 Folding Plates, and 167 Woodcuts. Royal 8vo, cloth ^1 0t. 

"This invaluable work is, and will remain, the standard authority on the science of milling. . . . 

The ndller who has read and digested this woric will have laid the foundation, so to speak, of a 

successful career ; he will have acquired a number of general principles which he can proceed to 

apply. In this handsome volume we at last have the accepted text-book of modem mOHng In good, 

sound English, which has little. If any, trace of the German idiom."— T'A^ Miller 

" The appearance of this celebrated work in English is very opportune, and British millers 
will, we are sure, not be slow in availing themselves of its pa;g9s."— Millers' Gasette. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods d 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth . . 7/8 

" A distinct advance in the literature of cotton manufacture."— AfocA^M/y^. 

" It is thoroughly reliable, fulfillmg nearly all the requirements desired."— (FAw^mv HtnUd. 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. J. Wallis- 
Taylbr, a. M. Inst. C. E., Author of " Refrigerating Machinery, '"^ftc. With 

upwards of 300 Illustrations. Crown 8vo, cloth 1 0/6 

" The book will prove a valuable giUde for all those who aspire to the manufacture or repair 
of their own machines.'*— rA« Field. 

" A very useful book, which is quite entitled to rank as a standard work for students of cycle 
construction. — Wheeling; 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 

By A. J. Wallis-Taylkr, A.M.Inst. C.E. Crown 8vo, cloth . . 4/6 
"A work that an en^^ineer. thinking of turning his attention to motorcarrlage work, woukl 
do well to read as a preliminary to starting operations."— ^n^wMrvM^ 
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PRACTICAL TANNING. 

A Handbook of Modern Procesess, Receipts, and Suggestions for the Treatment 
of Hides, Skins, and Pelts of every Description. By L. A. Flbmming, 
American Tanner. 472 pages. 8vo, cloth. [Just Puolisfud, iVif/ 26/0 

THE ART OP LEATHER MANUFACTURE. 

Beine a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressing are fully Described, and the Principles of Tanning 
Ex]^lained, and many Recent Processes Introduced ; as also Methods for the 
fistunation of Tannm, and a Description of the Arts of Glue Boiling, Gat 
Dressing, &c By Albxandbr Watt. Fourth Edition. Crown 8vo. doth. 

9/0 

** A sound, comprehenslTe treatise on tannine and Its accessories. The book is an eminently 
valnabto production, which redounds to the credit of both author and puUishen."— CA«fMtfai/ 
Reotnh 

THE ART OP 50AP-MAKINa. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alexander Watt. Sixth Edition, 
induding an Appendix on Modem Candlemaking. Crown 8vo, cloth . T/6 

** A thoroughly practical treatise. We congratulate the author on the success of his endeavour 
to fin a void in Engiyi technical literature."— Aa/Mtv. 

"The work will prove very useful, not merely to the technological student, but to the 
fNractlcil soap boiler who wishes to understand the theory of his wtC—Chentical News. 

PRACTICAL PAPER-MAKING. 

A Manual for Paper>Makers and Owners and Mani^ers of Paper*Mills. With 
Tables, Calculations, &c By G. Clappbrton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . fi/0 

** The author caters for the requirements of responsible mill hands, apprentices, &c., whilst 
lib mnnal will be found ofgreat service to students of technology, as well as to veteran Q4>v* 
jnakets and mill owners. The illustrations form an excellent feature."— TVkc }V9rid's Pmftir Trmd* 
XevitWm 

thb:art op paper-makinq. 

A Practical Handbook of the Manufacture of Paper from Rags, EspartOi 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, vrith a Description of the Machinery and Appliances used. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Alexander Watt. With Illustrations. Crown 8vo, cloth . . 7/6 

**It may be regarded as the standard work on the subject. The book Is iiill of valuable 
iofbnnatkm. The ' Art of Paper-Making ' is in every respect a model of a text-book, either for a 
technical class, or fbr the private student. —/\s/«r ami Priniit^ TrmUs yoMrnai, 

A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical SchooL Demy 8vo, cloth 8/6 

CBMBNT5, PA5TE5, GLUES. AND QUM5. 

A Practical Guide to the Manufacture and Application of the various Agglnti- 
nants required in the Building, Metal- Working, Wood- Working, and Leather- 
Working Trades, and for Workshop and Office Use. With upwards of ooo 
Redpes. By H. C. Standagb. Third Edition. Crown 8vo, cloth . 2/0 

"We have pleasure in speaking fikvourablv of this volume. So far as we have had 
•zperience, which is not inconsiderable, this manual is trustworthy."— ^/A^mrMw. 

THE CABINET-MAKER'S GUIDE 

TO TUB BNTIRB CONSTRUCTION OP CABINET WORK. 

Including Veneering, Marquetrie, Buhlwork, Mosaic, Inlaying, &c. ^ By 
Richard Bitmbad. Illustrated with Plans, Sections, and Working Drawings. 
Small crown 8vo, cloth 2/6 

FRENCH P0U5HINQ AND ENAMELLING. 

A Practical Work of Instruction. Including Numerous Recipes for making 
Polishes, Varnishes. Glaze-Lacquers, Revivers, &c. By Richard Bitmbad, 
Author of " The Cabinet- Maker's Guide." Small crown 8vo, cloth . 1/6 
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WATCH REPAIRING, CLEANING, AND ADJUSTING. 

A Practical Handbook dealing with the Materials and Tools Used, and the 
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of English 
and Foreign watches. Repeaters, Chronographs, and Marine Chronometers. 
By F. J. Garrard, Springer and Adjuster of Marine Chronometers and Deck 
Watches for the Admiralty. With over 200 Illustrations. Crown 8vo, cloth. 

[/flw/ Published, Net 4/6 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibk. ex«Director of the Sdiool 

of Horology at Macon, by Julibn Trippun, F.R.A.S., Besancoa Watch 

Manufacturer, and Edward Kigg, M.A., Assayer in the Rojral MinL ¥rith 

Sev«nty>eight Woodcuts and Twenty-two Coloured Copper Plates. Second 

Edition. Super-royal 8vo, £2 2s. doth ; half-calf . . £2 lOs. 

" Then is no horoloslcal work in the English language at all to be compared to tiiis praduc- 

tlon of M. SauQier's for clearness and completeness. It is alike good as a guloe for the stuoeat and 

as a leference for the experienced horologist and skilled woricman."— ^tfr«A|r<fis/ y«umaL 

"The latest, the most complete, and the most reliable of those literary proouctioos to wUcfa 
conthiental watchmakers are inaebted for the mechanical superiority orer their English brathrea 
—In ftct. the Book of Books is M. Saunier's * Treatise.' "—Watchmaker^ JeweUer, andSOoerswUth, 

THE WATCH ADJUSTER'S MANUAL. 

A Practical Guide for the Watch and Chronometer Adjuster in Makings 
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures. 
By C. £. Fritts. 370 pp., with Illustrations, 8vo, doth . . , \ 6/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Compani<m for those engaged in Watchmaking and 
the Allied Mechanical Arts. Translated from the French of Claudius 
Saunisr, and enlarged hy Tulibn Tripplin, F.R.A.S., and Edwasd Rigg, 
M. A., Assayer in the Royaf Mint. Third Edition. Cr. 8vo, cloth. » 9/0 

** Each part is truly a treatise in itselC The arrangement is good and the language b clear 
and condsc. It b an aamirable guide for the young ynXKiaxca!exx"-~BneiHeering, 

HISTORY OP WATCHES & OTHER TIMEKEEPERS. 

By Jambs F. Kendal, M.B.H. Inst. 1/6 hoards ; or cloth, gilt .< 2/6 

** The best which has yet appeared on this subject in the English language. "—IndusMes. 
"Open the book where you may, there is interesting matter in it concwning the IngesJous- 
devices of the ancient or modem hatolagtx."—SatHnlay Review. \'^ 

ELECTRO'PLATINa&ELECTRO'REFINlNQoF METALS. 

Being a new edition of Alexander Watt's " Electro-Deposition.** Re> 
vised and Largely Rewritten by Arnold Philip, B.Sc, A.I.E.E., Principal 
Assistant to the Admiralty Chemist. Large Crown 8vo, cloth. . NU 1 2/ft 
** Altogether the wok can be highly rrcoipmended to every electrO'plater, and is of un- 
doubted interest to every electro-metallurgist.''— f/ftr/rK-a/J^^t/t'nc. 

"Eminently a book for the practical worker hi electro-depositioa. It '■^«*»*"« pnctkak 
deacrlptlons of methods, processes and materials, as actually pursued and used in the workshop."— 



BLECTRO-METALLURQY* 

Practically Treated..' By Alexander Watt. Tenth Edition, induding the 

most recent Processes, xamo, cloth 8/6 

" From this book both amateur and artisan may learn everything necessary for the saoosMfiii 
piosocution of electroplating."— /r-«i(. 

JEWELLER'S ASSISTANT IN WORKING IN QOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience- 
of Thirty Years' Workshop Practice. By George E. Gee. Crown 8to. 7/ ft 



"This manual of technical educatkm b apparently deitined to be a valuable anxHary to a 
baadlcraft which Is certainly capable of great ImpiDvement.''— rfe« Times, 

BLECTROPLATINQ. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c., &c. By J. W. Urqohast, C.B. Fourth 
Edition, Revised. Crown 8vo, cloth; 5/(> 

" An excellent practical Taasai!BX."—'EHgin€erinf, 

*• An excellent work, giving the newest information.**->^0r0/itf'^ka/ yeurtuO, 
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ELBCTROTYPlNa. 

The Reproduction and Multiplication of PriotinK Surfaces and Works of Art 
by the Electro-Deposition of Metals. By J. W. Ukquhart, C.E. Crown 8vO| 
ooth 8/0 

** The book Is thorouclilT pffactical: the reader is, therefore, conducted threugh the leading 
leva of BJBChlcUj, thoa through the metals used byelectroj^pexs, the apparatus, and the depodting 
"■■"■■ " ■ up to the final preparation of the work/*— ^rT ^ourtial, 



QOU>5MITH*5 HANDBOOK. 

By Gborgb S. Gkb, Jeweller, &c. Fifth Edition, xamo, cloth . . 8/0 
**A good, aound edncator."— ^jrW^fiw^ y imrw a/ . 

SILVERSMITH'S HANDBOOK. 

By Gbosgb S. Gkb, Jeweller, &c Third Edition, with numerous lUustra* 

tions. xamo, cloth ...<....... 8/0 

**The cUef nerit of the work Is its practical character. . . . The workers in the trade will 
apeedQy discover its merits when thejr sit down to study Vt^—BngHsh Mechanic. 

\* Tfu abovt two works togttktr, strongly half-boundt pric* 7s, 

5HEBT METAL WORKER'5 INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet*Iron, Copper, and 
Tin-Plate Workers. By Rsubbn Hbnry Warn, Practical Tin-Plate Worker. 
New Edition, Revised and greatly Enlarged b^ Joseph G. Hoknbr, 
A.M.I.M.E. Crown 8vo, 354 pp., with 430 Iluistrations, cloth . . 7/o 

SAVOURIES AND SWEETS^ 

Suitable for Luncheons and Dinners. By M'ss M. L. Allen (Mrs. A. 
Macaikb), Author of " Breakfast Dishes," &c. Twenty-ninth Edition. F'cap 
8vo, sewed • 1 /O 

BREAKFAST DISHES 

For Every Morning of Tb re e Mocth«. By Miss Allen (Mrs A. Macaikb), 
Autfcor of "Savouries and Sweets," &c. Twenty-second Edition. F'cap 8vo, 
sewed I/O 

BREAD & BISCUIT BAKER'S & SUQAR-BOILER'S 

AA515TANT. 

Including a large variety of Modem Recipes. With Remarks on the Art of 

Bread-middng. By Robbkt Wblls. Third Edition. Crown 8vo, c!oth . I/O 

** A laige number of wrinkles for the ordinary cook, as well as the hakitr."-'-SaturtU»y RtvUw, 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 
Use. ByR. Wblls, Author of "The Bread and Biscuit Baker" .I/O 



** We cannot tpeak too highly of this really excellent work. In these days of keencompetltioa 
mu leaden cannot do better than puichaae this hook."—JaAer's Timts, 



ORNAMENTAL CONFECTIONERY* 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 
Modem Redpes, and Remarks on Decorative and Coloured Worlc. With xao 



Original Designs. By Robert Wblls. Crown 8vo, cloth • fi/i 

** A valuable woric, practical, and should be in the hands of eveiy baker and confecti 
The Bustrative designs are woith treble the amount chaiged for the woAj'—BaAer's Times, 



MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 

reouurks on the Ingredients Used in their ManufJEicture. By R. Wblls. 1,0 

** The woric is of a decidedly practical character, and in every recipe regard is had to economical 
"— A^r«* BrMsh Daily Mail, 



RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manu&ctnre of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloans, A.M., 
PIlD. With numerous Illustrations. Square 8vo, cloth. t fl/0 
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HANbYBOOKS FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 



Editor of '* Work " (New Series), Author of " Lathe Work," " Millinc Machines," Ac 

Crown 8vo, 144 pp., price xs. each. 

1^ Thtu Handtbooks havt bt$H wrUttn to supplv in/oftmOkm for Workmen. 
Studbmts, and Amateurs in tht several Handicrafts, on tht actual Practicb of 
thi Workshop, and art inUndtd to convty in plain languagt Tbchmical Know- 
LKDGB of ths sivtral Crafts. In describing tht proctssts tmploytd, a/nd tht mampU' 
laHon of mattrial, workshop ttrms art ustd ; workshop practict isfuUy txplaimd ; 
and tht ttxt is frttly Ulusirattd with drawings of modem toolSt applianctSt and 
proctsstt. 

METAL TURNBR*5 HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With zoo Illostiatioiis. 

1/0 

** The book will be of tenrlce alike to the aiMfent aod tke attkaa tomw. It dtaplaf s 
thaioagh knowiedc« of the suhi9ct.''—ScottmaH. 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over zoo lUostzations. 

1/0 

** We recommend the book to jroung turners and amatean. A mnltltade of wiiiliiiiMi have 
hithetto aoiight In vain for a manual of this special industry."— JAdlMwA»/ tVfrld, 

WATCH JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. Widi upwards of 

zoo Illustrations t /O 

** We strongly advise all young persons connected with the watch trade to acqolie and itudy 
this Inexpensive ytoxk."—CUrkenweli ChronicU. 

PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. \l^th 

upwards of xoo Illustrations I/O 

** A most valuable, if not indispensable, manual for the pattern maker."— JBeww/isdinr. 

MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embractiw InfermadoD 

on various Handicraft^ Processes. With Useful Notes and MisoellaDeons 

Memoranda. Comprising about aoo Subjects . . . . . • 1 /Q 

*' A very clever and useful book, which should oe found la every workshop; aod It shmad 

certainly find a place in all technical schools."— So/Mnioy Revitw. 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of xoo Illustrations , i/O 

•* Mr. Haskick has produced a very good Uttle hotikJ'—BuiUkr. 

CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and A4)usting. With npwaids of 

zoo Illustrations I/O 

** It Is of inestimable service to those commencing the Jtrade."— C^w w» 4»y Stmndmrd, 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Applianoes, and Pro c es s e s 
employed in Cabinet Work. With upwards of zoo lUustratioos . . 1 /O 
"Mr. Hasluck's thorough-going little Handybook Is amongst the most ptectlcal guides w« 
have seen for bq^nners in cmmaitx-wogk."— Saturday Xtview, 

WOODWORKER'S HANDYBOOK. 

Embracing Information on the Tools, Materials, Appliances and Processes 

Employed in Woodworking. With X04 Illustrations 1 /Q 

** Written by a man who knows, not only how work ought to be done, bat how to do it, mm 
liow to convey his knowledge to othcts."—Efi^Hterin£. 

** Mr. Hasluck writes admirably, and gives comfxete Imtnirtinni " ffimpfriwr. 
** Mr. Hasluck combines the experience of a practical teacher with the manipulative fW and 
erlentific knowledge of processes of the trained mechanician, and the tMi».i«i^ (f^ mmn^ of nbaX 
can be produced at a popular pxicc."~-S<ko0imastir. 



produced at a popular price."— <ScA«0/«Mxttr. 
Helpful to workmen of all ages and dumes of exp 
Coodae, dear, and vncacaL"-mSaimrday Rgvitm, 



ejcperlence."-lM{r CArwsMh 
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, COUNTING-HOUSE WORK, 
TABLES, ETC. 



LB550N5 IN COMMERCE. 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa. 
Edited and Revised by Jambs Gault, Professor of Commerce and Commercial 
Law in King's College, London. Fourth Edition. Crown 8vo, cloth . 3/6 

" The publishers of this woric have rendered conrideiable service to the cause of commercial 
•dacatlon by the opportune production of this volume. . . . The work is peculiarly acceptable to 
lEngiish readers and an admirable addition to existin|f class books. In a phrase, we think the work 
■ettains its object in fUmishini; a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be familiar." — Chamber «^Comm*rce youmeU, 

" An invaluable guide in the hands of those who are preparing for a commercial career, and, 
'In &ct, the.information it contains on matters of business should be impressed on every onew"— 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corres{>ondence in Five Languages — Enelish, 
French, German, Italian, and Spanish. By Conrad E. Baker. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth . . . 4/6 

** Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do 
iMtter than study this work, the materials of which are exc^ent and conveniently arranged. They 
consist not of entire specimen letters, but— what are fax more useful— short passages, sentences, or 
phrases expressing the same general idea in various fomiS."-~Athenat*m, 

" A careful examination has convinced us that it is unusually complete, well arranged and 
«dbiblei The book is a thoroughly good one. "—Schcelftuuter, 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Huidbook for Accountants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts; the Rating of 
Factories ; Fire and Boiler Insurance ; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fblls. Fifth Edition, Revised and Enlarged. 
Demy 8vo, cloth 7/6 

** A very interesting description of the requirements of Factory Accounts. . . . The principle 
<if asslmflating the Factory Accounts to the general commercial books is one which we thoroughly 
«giee ■wtih."—AccoutUants' journal. 

" Characterised by extreme thoroughness. There are few owners of factories who would not 
derive great benefit from the perusal of this most admirable wotk."'~Loca/ Govtmment Chrtnid*. 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 

an Appendix .containing a proposed English System. By Lewis D A. 

Jackson, A. M. Inst. C. E., Author of " Aid to Survey Practice," &c. Large 

crown 8vo, cloth 1 2/6 

"We reconunend the work to all interested in the practical refbnn of our weights and 
"—Naiitrt. 



A SERIES OP METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 
of the Metric System at present in Use on the Continent. ByC. H. Dowling, 

C.E. 8vo, cloth 10/6 

" Mr. Bowling's Tables are well put together as a ready reckoner for the conveisfcm of one 
into the O0iiet"-'Ath€fUfUim. 



IRON AND METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from xs. per cwt. to zi2S. per cwt., and from one farthing per potmd to 
one shilling per pound. By Thomas Downib. Strongly bound in leather, 

396 PP d/o 

" A most useful set of tables, nothhig Uke them before existed."— ^M</!iMMf N€ws. 
** Although specially adapted to the iron and metal trades, the tables wtD be found useftil in 
«veiy other b(»ncss in which merchandise is bought and sold by weight."— JStftfwagf N*mt, 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Confining npwards of 950,000 Separate Caloilations, showing at a Glance the 
Valoa at 433 Different Rates, rangmg from ttfth of a Penn^ toaof. each, or per 
cwt., and j^ao per too, of any nomber of articles consecutively, from z to 470. 
Any number or cwts., ors., and lbs., from i cwt. to 470 cwts. Any number (tf 
toos.^ cwts., qrc, and lbs., from i to z,ooo tons. By Wiixiam Chadwick, 
Public Aooonntant. n>urth Edition, Revised and Improved. Bvo, strongly 

bound 18/6 

** It b as eaqr of rateence tor any ansver or anv number of answen as a dkrionaiy. Fot 
lairing up Kco«nits or iwrimatm the book oust pn»vs mvafaaabla to all vrtio have any 
quantar of ra l ni la ri oM JnTolvigg pike and meawne fat any combhi at ion to do." 
*'Ths OMMt perfKt woik of the kind yet psepaied."— ^Zsiyvar BtrukL 



THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, eyhtbiling at 
one Reference the exact Value of any Weight from z lb. to Z5 tons, at 300 
Progrrisive Rates, from zd. to z68s. per cwt., and containing z86,aoo Direct 
Answers, which, with their Combinations, consisting of a angle addition 
(mostly to be oerformed at sigbtX will sJSbrd an aggregate d[ zo,266,ooo 
Answers ; the woole being calculated and deagned to ensure corre ctn ess and 
promote despatch. By Hknkt Hahbkm, Accountant. Sixth Edition, carefrdly 
Corrected. Royal 8vo, strongly half-bound. \Just PubUshtd, £1 6s» 

'A practical and uMfiil woik of leinrencc for men of burinew eanefalhr."— /i wmMUgr . 
'Of pticeleai Talue to burinew men. It is a neceasaiy book in all meicantile Mfioes."— 



THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of ICerchants, If anu£actineta». 
Ironmongers, and Others, by which maybe ascertained the Exact Profit arising 
from anv mode of using Disojonts, either in the Purchase or Sale of Goods, and 
the metood of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will reause anv required Profit after 
allowing one or more Discounts: to which are added Tables of Profit or 
Advance from xj to 90 per cent., Tables of Discount from x^ to 98} per cent.,, 
and Tables of Commission, &c., frx>m | to xo per cent. By Henry Hakbbm,. 
Accountant. New Edition, Ccmrected. Demy 8vo, half-bound . £1 6s» 
" A book such as this can only be appreciated by business men, to whom the savieg of timft 

m e ant saving of money. The work must prove of great Talue to meidumts, manufactuiets, awt 

ganeral VnOmtC^Briiisk T^rod* Jaitntml, 

TABLES OP WAGE5. 

^t 54i S'l 50 >°d ^8 Hours per Week. Showing the Amounts of Wages fronk 
One quarter of an hour to Sixty-four hours, in each case at Rates of Wagea 
advancing by One Shilling from 4s. to 555. per week. By Thos. Gabbutt, 
Accountant, Square crown Bvo, half-bound ...... 6/0 

IRON-PLATE WEIGHT TABLE5. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of npwards of 150,000 different sizes of Iron Plates from 
X foot by 6 in. by ^ in. to xo feet by 5 feet by x in. Worked out on the Basis or 
40 lbs. to the square foot of Iron of x inch in thickness. - By H. Bdrumsom 
and W. H. Simpson. 410, half-bound £1 6 s. 



ORIENTAL MANUALS AND TEXT-BOOKS. 

Notice, Messrs. Crosby Lockwood & Son will forward on application a New 
and Revised List of Text-books and Manuals for Stuoents in Oriental 
Languages, many of which are used as Text-books for the Examinations for the 
Indian Civil Service and the Indian Staff Corps; also as Class Books ii^ 
Colleges and Schools in India. 
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AGRICULTURE, FARMING, 
GARDENING, ETC. 

THE COMPLETE QRAZIER AND FARMER'S AND 

CATTLE BRBBDBR'S ASSISTANT. 

A Onnpendiuin of Husbandry. Originally Written by Williau Youatt. 
Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought 
Q^ to Present Requirements, by William Frbam, LL.D., Assistant Com* 
missioner, Royal Commission on Agriculture, AuthoMr of " The Elements of 
Agriculture," &c. Royal 6vo, i,zoo pp., 450 Illustrations, handsomely bound. 

£1 lis. Od. 



BOOK L ON THB VARIBTIBS, BRBBDING, 

Rbaring, fattbning and MANACB* 

IfBMT OF CATTLB. 
BOOK II. ON THB ECONOMY AND MAN- 

AGEMBNT OP THB DAIRY. 
BOOK III. ON THB BRBBDING, RBARING, 

AND MANAGBMBNT OP HORSBS. 
BOOK IV. On THB BRBBDING, RBARING, 

AND Fattbning op Shbbp. 
Book v. on thb Brbbding, Rbarimg, 

AND Fattbning op Swinb. 
Bo ok V L On thb disbasbs op Lzvb 

Stock. 



Book VII. on thb brbbding. Rbaring, 

and managbmbnt of poultry. 
Book VIII. on Farm Officbs and- 

IMPLBMBNTS OP HUSBANDRY. 
BOOK IX. ON THB CULTURB AND MAN- 

AGBMBNT OP GRASS LANDS. 
BOOK X. ON THB CULTIVATION AND^ 

APPLICATION OF GRASSBS, PULSB ANI> 

Roots. 
Book Xl. on manurbs and thbir 
Application to Grass Land ani> 

CROPS. 

Book XII. monthly Calendars op 
Farmwork. 



** Dr. Fream Is to be congfatukted cm the successful attempt he has made to slve us a work 
which win at once become the standard classic of the &rm practice of the country. We beUeve 
that It will be found that it has no compeer among^ the many worlcs at present in oostence. . . . 
The illustzations are admirable, while the frontbpiece, which represents the well-known bull. 
New Year's (Hit. bred by the Queen, is a work of art "—TfU Times. 

"The book must be lecc^inised as occupying the proud position of the most exhaustlTe work 
of psie Wince in the English language on the subject with which it deals."— >^iAcM«MM. 

**Tbe most comprehensive guide to modem fiurm practice that exists in the English language- 
lo-dqr. • • • The book is one that ought to be on every fium and in the library of every land 
owner. "-^JVarvk Lane Ei^ress. 

*' In point of ezhaustiveness and accuracy the work will certainly hold a pre-eminent and 
Bidqae posttion amoiur books dealii^ with scientific agricultural practice. It is, in fact, an agricul' 
tiual Uitaiy of itseli; '^Airrt* BriHsh AgriaUturist, 

FARM LIVE STOCK OP GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E.. &c., Professor of Agriculture and 
Rural Economy in the University of Edinourgh. Third Edition, thoroughly 
Revised and considerably Enlarged. With over zao Phototypes of Prizo 
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . 1 2/6 

** A leaily complete work on the history, breeds, and management of the form stock of Great 
Britain, and one whk± to likely to find its way to the shelves of every country gentleman's library." 
—Th* Ttmts. 

"The * Farm Live Stock of Great Britain ' to a production to be pioud of, and Its Issue not the 
least of the services which its author has rendered to agricultural science."— ScwMr A Farmer. 

NOTE-BOOK OP AGRICULTURAL PACT5 & FIGURES 

FOR FARMERS AND FARM STUDBNTS. 

By Primrosk McConnbll, B.Sc, Fellow of the Highland and Agricultural 
Sodety, Author of " Elements of Farming." Sixth Edition, Re-written, Revised, 
and greatly Enlarged. Fcap. 8vo, 480 pp., leather, gilt edges . • 6/0 

cohtsnts :— surveying and levelling.— weights and measures.— machinery 
and buildings. — labour. — operations. — draining. — embanking. — geological 
Memoranda. — soils. — Manures. — Cropping. — crops.— rotations. — weeds. — 
FEEDING.— Dairying.— Live Stock.— Horses.— Cattle. — Sheep.— Pigs.— Poultry.— 
FoRBSTRY.—HoRTicuLTURB.— Miscellaneous. 

** No farmer, and certainly no agricultural student, ought to be without this mMitum-in-parv* 
fluanal of all lubjects connected with the iaxm."— North BrMsh AericMUurist. 

" This little pocket book contains a large amount of useful information upon all kinds ot 
agricultural subjects. Something of the kind has long been wanted." — Mark Lane Exptess. 

"The amount of informatkun It contains is most surprising ; the arrangement of the matter is 
BO methodical— altlwttgh so compressed— «s to belnteOlgtble toeveryoae who takes a glance through 
Its pages. They teem with information."- /uir>9t and Home. 

THE ELEMENTS OP AGRICULTURAL QEOLOQY. 

A Scientific Aid to Practical Farming. By Primrose McConnbll. Author of 
"Note-Book of Agricultural Facts and Figures," &c. Royal 8vo, cloth. 

Uti 21/0 
** On every page the work bears the impress of a masterly knowledge of the subject dealt 
witht and we have notliing but unstinted praise to offer."— /u/if. 
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BRITISH DAIRYING. 

A Handy Volame on the Work of the Dairy.Fwrm. For the Use of Technkml 
Instruction Classes, Students in Agricultural Colleges and the Waking Dairy- 
Farmer. By Prof. J. P. Shbldon. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth 2/6 

" Confidentlv recommended as a useful text-book on dairy fmnaiaig."—AgricuUural GoMtm. 

" Probably the best half-crown manual on dairy work that has y^ been produced."-^Ar«rM 
«r«Mf A ArriatitHrist 

" It to the soundest Uttle work we have yet seen on the subject "—77k« Times, 

MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc* 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By Tohn Oliver, late Principal of the Western Dauy Institute, 
Berkeley. With Coloured Plates and aoo Illustrations. Crown 8vo, doth. 

7/6 

" An eshausdve and masterly production. It may be coidlaUy lecommended to all students 
end ptactitlonen of dairy science. —yV(9rA British AgricHUurisU 

** We recommend this rery comprehensive anacarefuUy-wrlttea book to daliy-fimners and 
students of dairying. It is a dlstmct acquisition to the library of the agrlculturlst.''-^/HlcMAMr»/ 
CejvMf. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 
Practice for Small Farmers. By R. Scott Burn, Author of " Outlines of 
Modem Farming," &c. Crown 8vo, cloth 6/0 



" This Is the comj^test book of its class we have seen, and ono which every amateur fiumer 
win read with pleasure, and accept as a guide."— /^tcitf. 

OUTLINES OP MODERN FARMING. 

By R. ScQTT Burn. Soils, Manures, and Crops — Farmins[ and Farming 
Economy — Cattle. Sheep, and Horses — Management of Dairy, Pigs, and 
Poultrjr— Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., 2,950 pp., half-bound, profusely Illustrated ..... 1 2/0 

FARM ENQINEERINQ, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking \ Irrigation and Water Supply ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Bam Implements and Machines ; 
Field Implements and Machines ; Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., 1,250 pp., half-botmd, witb over 600 Ill'tstrations. 

12/0 
" Written with great care, as well as with knowledge and ability. The author has done his 
work wen ; we have found him a very trustworthy guide wherever we have tested his st a t emen t s. 
The Tolune will be of great value to agricultural students."— ifar/k Lans Bs^rtss. 

THE FIELD5 OF GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clbmsnts (Board of Trade). Second Edition, Revised, with Additions. 

28mo, cloth 2/6 

" It Is a long time since we have seen a book which has pleased us more, or which cootains 
such a vast and useful fund of knowledge."— £^</iMa/)»0ffa/ Timss, 

TABLES and MEMORANDA for FARMERS, QRAZIER5, 

AGRICULTURAL STUDBNT5, 5URVBY0R5, LAND AQBNTA, 
AUCTIONBBR^, &c. 

With a New System of Farm Book-keeping. Bv Sidney Francis. Fifth 
Edition. 372 pp., waistcoat-pocket size, limp leather . • • 1 /6 

" Weighing less than i oc, and occupying no more space than a match-box, It contains a mass 
of fiwts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm Is dealt with. The work may be taken as thoroughly accurate, the whole of 
the tables havhig been revised by Dr. Fream. We cordially recommend it. —Bslt* tVtekiy 
Messengtr, 

THE ROTHAMSTED EXPERIMENTS AND THBIR 

PRACTICAL LB.S50N5 FOR PARMBR5. 
Part I. Stock. Part IL Crops. By C. J. R. Tifpbb. Crown 8vo, doth. 

8/6 
** We have no doabC that the book wfU be wefcomed by a large class of fumers and 
n tee w ted In agricultuie."— sStemterA 
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46 CROSBY LOCKWOOD «• SON*S CATALOGUE. 

AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



flNWOOD'5 TABLES FOR PURCHASING ESTATES 

AND FOR THB VALUATION OP PROPBRTIBS. 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases. Reversions, Sinking Funds, 
ftc, &c. a^th Edition, Revised and Extended by William Schooling, 
F.ILA.S., with Logarithms of Natural Numbers and Thoman's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. 

U^t Pithlished. Net 8/0 
** Those Interested In the purchase and sale of estates, and in the adjustment of compensatioa 
cases, as well as hi transactions In annuities, lile Insurances, &c., will find the present edhioa off 
eminent service."— iff MWM/«rtMif'. 

"This valuable Doolc has been considerably enlanred and improved by the labours off 
Mr. Schooling, and is now very complete indeed."— Aw««mirtl. 

" Altogether this edition will prove of extreme value to many classes of professional men In 
saving them many long and tedious calculations."— />rawx/9rf' Review, 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND aSTATB AQBNT AND VALUBR'5 POCKBT ASSISTANT. 

For the Valuation for Purchase, Sale, m Renewal of Leases, Annuities, and 
Reversions, and of Property generally ;^ with Prices for Inventories, &c. By 
toHN Wheelbr, Valuer, &c. Sixth Edition, Re-written and greatly Eztendra 
by C. NoRRis. Royal 3amo, cloth 0/O 

!' A neat and concise book of reference, containing an admirable and clearly-arranged list of 
prices for faiventories, and a verv practical guide to determine the value of furniture, &c "■— SftwMtorrf. 

" Contains a large quantity of varied and useful information as to the valuation for puicfaaae^ 
sale, or rene«^ of leases, annuities and reversions, and of property generaUy, wftJi prices Ibc 
Inventories, and a guide to determine the value of Interior fittings and other effects."— i9«AMtr. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES* 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robbrt 
Squibbs, Auctioneer. Second Edition, Revised. Demy 8vo, doCh • 122/8 

"The work is one of general excellent character, and gives much Inionuadon la a com* 
pendious and satisfactory fonn."—£u{Uer. 

"May be recommended as giving a great deal of Infonnatlon on the fanr nileHnu, to 
Buctiooeers, In a very readable tattnJ'—Law ^MtnuU. 

THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practical- Handbook on the Valuation of Landed Estates; tndnding 
Example of a Detailed Report on Management and Realisation; Forms of 
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lsmds Clauses Acts, &c. cy Tom Bright, .^gTicnl- 
tural Valuer. Author of "The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, Revised, with Appendix containing a Digest of 
the Agricultural Holdings Acts, X883 — 1900. Crown 8vo, doth . Net 6/0 

" Full of tables and examples In connection with the valuation of tenant-right, estates, iabouTt 
contents and weights of timber, and farm produce of all }da.6s."—Ag^ricMliuraI GaMtttH. 

" An eminently practical handbook, full of practical tables and data of undoubted iateiirt and 
value to surveyon andauctloneeis In prepaiing induations of all kinds."— Farmer. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Grown 
8vo, doth 8/6 

"To valuecs, forestets end agents It will be a welcome aid."— Ar«r«* British AgHemUmrist. 
" WeD calculated to assist the valuer In the discharge of his duties, and of undoubted intcreil 
and use both to surveyon and an ctl o n ee n in preparing valuations of all Idnds."— jTcm/ HtrmUU 



AUCTIONEERING, VALUING, LAND SURVEYING, ic. 4? 



AGRICULTURAL SURVEYOR AND ESTATE AQENrS 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Eqatpment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of "The Agri- 
Ottkwral Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

^et 716 
**' An -exceedingly useful book, the contents of which are admirably chosen. The classes for 
•yfbom the work is intended will find it convenient to have this comprehensive handbook accessible 
"for KdTevence." — Live Stock yeumaL 

"It is a alacHlariy compact and well informed compendium of the facts and figures likely to 
■be required in estate work, and is certain to prove of much service to those to whom it is 
addressed.**— ^<w/xMaM. 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. ^Hth Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measture, &c. By R. Hudson, C.E. New Edition. 

Royal 3srao, leather, elastic band 4/0 

" Of incafcidsMe vriue to the country gentteman and professional man."— Fofwwr^ youmal, 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relatmg to the Permanent Improvement of Landed Property. By John Ewart, 
Surveyor. Second Eklition, Revised. Royal 39mo, oblong, leather . 4/0 
** A compendioos and handy ttttl volume. "-s^^ceftsilvr. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Tvro Works bound t(^;ether. Leather .... 7/6 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to^ the Purchase,^ Tenancy, and Com- 
pulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of ail kinds of Valuations, Information on Building and on the 
right use of Decorative Art. By E. L. Tarbuck, Architect and Surveyor. 
Seventh Edition, zamo, cloth [Jitst Publisktd, 5/0 

"The advice is thorouffhfy pcacticaL'*— Z^nv yeumaU 

*' For all who have deamnes wHh house property, this is an indispensable sfuide."— Z>«vr»MM(. 
** Carefully brought up to date, and much improved by the addition of a divisioa on Fine Art. 
A. weO-wiittea and thouchtfial work."— £«m^ Ageni^ Record. 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 
B. Mackiie, FeHow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

** This invduaUe cuide to Joumalism is a work which all aspirants to a Journalistic career will 
read with advantage."— y^wfTta/irt 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promottap; Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways, Gas and Water Works, &c. 
By L. L. Macassst, of the Middle Temple, Barrister*at>Law, M.I.C.E. 
8vo, cloth £16*. 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth .1/6' 

CONCILIATION & ARBITRATION la LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. Jbams. Crown 8vo, aoo pp., 
cloth 2/6 
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CROSBY LOCKWOOD &* SON'S CATALOGUE. 



EVERY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concise 
Dictionary op Legal Terms. By A Barristrr. Forty-second Edition, 
carefully Revised, and comprising New Acts of Parliament, including the 
Prevenhon of Cruelty to Children Act, 1904 ; Weights and Measures Act^ 1904 ; 
Ltcensing Act, 1904; Shop Hours Act, 1904; as well as the Motor Car Act, 
1903; Employment of CnUdren Act, 1903; Poor Prisontrs' Defence Act, 
X903, &c. Judicial Decisions pronounced dumg the year have also been duly 
noted. Crown 8vo, 800 pp., strongly bound in cloth. [Just Published, 6/& 

*»* TAie Stasuiard Work of Reference forms a Complete Epitome op the 
Laws op England, comprising ^amongst other matter): 

THE RIGHTS AND WRONGS OF INDIVIDUALS 



landlord and tbnant 
Vendors and purchasers 
Leases and mortgages 

ioiNT-STOCK Companies 
f asters. servants and workmen 
contracts and agreements 
Money-lending, Suretiship 
partnership. shipping law 
SALE AND Purchase op Goods 
Cheques, Bills and Notes 
Bills op sale, Bankruptcy 
LiPB. Fire, and Marine Insurance 
Libel and slander 



Criminal Law 
Parliamentary Elections 
County Councils 
District and Parish Councils 
Borough corporations 
Trustees and executors 
clergy and churchwardens 
COPYRIGHT. Patents, Trade Marks 
Husband and wipe. Divorce 
INFANCY. Custody op children 
Public Health and Nuisances 
Game Laws, Gaming. Innkbbpbrs 
Taxes and Death Duties 



FORMS OP Wills, agreements. Notices, &c. 



9tr The tbjtet ^ this work is to enabU thoss vko censuUit t9 hei^ themselves U the 
Usm : and thereby to dispense, as far as possible, with frmfessieneU assistance and advice. There 
are many Torongrs and grievances which persons suSmit to from time to time throHgh not 
knowing hew or where to apply for redress ; and many persons have as great a dread 4^0- 
lawyer's qjffict as ^a lion's den. With this book at hand it is believed that many a SlX>AND. 
EiGHTPBNCE mav be saved; many a wrong redressed ; many a right reclaimed; many a law 
suit avoided; and many an evil abated. The work has established itse^ «x the standard legal 
adviser e/all classes, and has also made a reputation/or itself ox a use/Ul book 0/ r^/ierencefor 
lawyers residing at a distance from law libraries, who are glad to have aS hand a work- 
embodying recent decisions and enactments. 



*•* Opinions op thr Prrss. 

" The amoant of infomation gfiven in the volume is simply wonderful. The continaed« 
popularity of the work shows that it fulfils a useful purpose."— £aw youmaL 

" As a book of reference this volume is without a n\sl."—Pall Mall Gaeette, 

" No Ens^lishman ought to be without this hook."— Engineer. 

'* Ought to be in every bu^ess establishment and in all libraries."— 5A<^/AfP<u/. 

" The ' Concise Dictionary ' adds considerably to its value."— fyiestminster Gaeette. 

" It Is a complete code of En g lhh Law written In plain language, which all can undentaad. 
. . . Should be in the hands of every busfaiess man, and all who wish to abottsh lawyenT blDs.''-^- 
H^eekly Times. 

"A useful and concise epitome of the law, compiled with considerable care.**— Z^nv Magaeine. 

" A complete digest of tiie most usefid facts which constitute English ]xw."—Qlobe. 

"Admirably done, admirably arranged, and admirably cheap."— £^<ir Mercury. 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who • 
ntns may read, and he who reads may understand."— /^foifv. 

" A dictionary of legal facts well put together. The book is a very useful out,''^Speetmtor, 



LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Seryi<xs.^ By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttlbt, 



Solicitor. Fcap. 8vo, cloth 



8/6 



BRADPURT, AGNRW, & CO. LD., PRINTERS, LONDON AND TONBRIDGE. 



WEALE'S SERIES 



OF 



SCIENTIFIC AND TECHNICAL 

WORKS. 



" It is not too much to say that no books have ever proved more 
popular with or more useful to young engineers and others than the 
excellent treatises comprised in We ale's Series." — Engineer, 
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7, STATIONERS' HALL COURT, LONDON, E.C. 

1904. 



2 weale's scientific and technical series. 

CIVIL ENGINEERING & SURVEYING, 
Oivil Bngineering. 

By Henry Law, M.Inst.C.E Including a Treatise on Hydraulic 
Enginbbring by G. R. Burnbll, M.LCE. Seventh Edition, revised, 
with La RGB Additions by D. K. Clark, M.I.CE. . . 6/6 

Pionoer ESnglneeiing : 

A Treatise on the Engineering Operations connected with the Settlement of 
Waste Lands in New Countries. By Edward Dobson, M.Inst.CS. 
With nuiocroiis Plates. Second Edition 4/6 

Iron Bridges of Moderate Span: 

Their Conrtruction and Erection. By Hamilton W. Pbnsrbd. With 40 
Illustrations . . 2/0 

Iron and Steel Bridges and Viaducts. 

A Practical Treatise upon their Construction for the use of Engineers, 
Draughtsmen, and Students. By Francis C ampin, C. E With lllus. 3/6 

Constructional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, C.E 3/6 

Tubular and other Iron Girder Bridges. 

Describing the Britannia and Conway Tubular Bridges. By G. Dkysdalb 
Dbmpsbv, C.E. Fourth Edition 2/0 

Materials and Ck>nstruotion : 

A Theoretical and Practical Treatise on the Strains, Designing, and Erec- 
tion of Works of Construction. By Francis Campin, C.E. . . 3/0 

Sanitary Work in the Smaller Towns and in Villages. 

By Charlbs Slagg, Assoc. M.Inst. C.E. Third Edition . . 3/0 

Construction of Roads and Streets. 

By H. Law, C.E., and D. K. Cl'ark, C.E. Sixth Edition, revised, with 
Additional Chapters by A. J. Wallis-Tavler, A.M. InsL C.E. . 6/0 

Oas Works, 

Their Construction and Arrangement and the Manufacture and Distribu- 
tion of Coal Gas. Originally written by S. Hughbs, CE. Ninth Edition. 
Revised, with Notices of Recent Improvements, by Hbnry O'Connbk, 
A.M. Inst. C.E., Author of "The Gas Engineers' Pocket Book." 

[jMtt PubHsfud, 6A0 

Water Works 

For the Supply of Cities and Towns. With a Description of the Principal 
Geological Formations of England as influencing^ Supplies of Water. By 
Samubl Hughbs, F.G.S., CE. Enlaiged Edition .... 4/0 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Josbph Glynn, F.R.S. NewEdidoa . 2/0 

Wells and Well-Sinking. 

By John Gbo. Swindbll, A.R.I.B.A.jand G. R. Burnbll. CB. Revised 
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Ijands, Towns, and Buildings. 

By G. D. Dbmpsbv, CE. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.LCE. Third Edition . . . 4/6 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks 00 tlM Blowing ap of 
Bridges. By Gen. Sir J. Burgoyne, K.CB .1/6 

Foundations and Concrete Works. 

With Practical Remarks on Footing?, PlankinK, Sand, Concrete B^ton. 
Pile-driving, Caissons, and Cofferdams. By E. DoBiON. Ninth Ed. 1 /6 



wbale's scientific and technical series. 3 

Pnenmatics, 

Including Acoustics and the Phenomena of Wind Currents, for the Use of 
Beginners. By Charues Tomlinson, F. R.S. Fourth Sditioa • 1/6 

Kiand and Bn^ineering SuFYeying. 

For Students and Practical Use. By T. Baker, C.S. Nineteenth Bditioiia 
Revised and Extended by F. £. Dixon, AM. InsL CE.. Professional Am^ 
date of the Institution of Surv e yors. With numeitws luustrations and tw« 
Lithographic Plates 2/0 

Mensuration and Measuring. 

For Students and Practical Use. With the Mensuration and L«TelUoc off 
Land fpr the purposes of Modem Engineering. By T. Bakkr, C.B. M«v 
Edition by E. Nugbnt, C£ 1/6 

MINING AND METALLURGY. 
Mining Galoulations, 

For the use of ^ Students Preparing for the Examinations for CoUiciy 
Managers' Certificates, comprising numerous Rules and Examples m 
Arithmetic, Algebra, and Mensuration. By T. A 0'DonA.hub, M.B^ 
First-Class Certificated Colliery Manager. 3/9 

Mineralogy, 

Rudiments oi By A. Ramsay, F.G.S. Fourth Edition, revised and 
enlarged. Woodcuts and Plates 3/6 

Ooal and Goal Mining, 

A Rudimentary Treatise on. By the late Sir Waxinqtqn W. Smyth, 
F.R.S. Eighth Edition, revised by T. FoRSTSK Brown . . 3/6 

Metallurgy of Iron. 

Contaming Methods of Assay, Analvses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauxrman. F.G.S. With numerous 
Illustrations. Sixth Edition, revised and enlargea .... 6/0 

The Mineral Surveyor and Valuer's Ck>mplete Guide. 

By W. LiNTBRM. Fourth Edition, with an Appendix <m MagBctic and 
Angular Surveying 3/6 

Slate and Slate Quarrying: 

Scientific, Practical, and CommerciaL By D. C. Davibs, F.G.S. With 
numerous Illustrations and Folding Plates. Fourth Edition . . 3/0 

K First Book of Mining and Quarrying, 

With the Sciences connected therewith, for Primary Schools and Self-In- 
struction. By J. H. Collins, F.G.S. Second Edition . . .1/6 

Subterraneous Surveying, 

With and without the Magnetic Needle. By T. Fkmwick and T. Bakbs, 
C.E. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Ot Engravings to Illustrate the above, containing ajs Illustrations of Mining 
Tools, drawn to Scale. 4to . 4/d 

Physical Geology, 

Partly based on Mj^jor-Geaeral Portlock's " Rudiments of Geology." 
. By Ralph Tats, AL.S., ftc Woodcuts.. 2/0 

HistoricMbl Geology, 

Partly based on Major-General Portlock's " Rudiments.** By Ralvh 
Tats, A.L.S, &c. Woodcuts 2/6 

Geology, Physical and Historical. 

Consisting of " Physical Geology," which sets forth the Leading Prtndplw 
of the Science; and "Historical Geology," which treats of me IflMiid 
and Organic Conditions of the Earth at each successiv epodL By Ralmi 
Tatb, F.G.S . . . 4/6 



4 WSALE'S SCIEKTIFIO AND TECHNICAL SERIES. 

MECHANICAL ENGINEERING. 
The Workman's Manual of E2ngineeping[ Drawing. 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 
College. Greenwich. Eighth Edition. 300 Plates and Diagrams . 3/6 

Fuels: Solid, I^iquid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. 
By H. J. Phillips, F.CS., formerly Analytical and Consulting Chemist 
to the Great Eastern Railway. Fourth Edition 2/0 

Fuel, Its Ck>nibustion and Boonomy. 

Consbting of an Abridgment of " A Treatise on the Combustion of Coal and 
the Prevention of Smoke." By C. W. Williams, A.I.CE. With Exten- 
sive Additions by D. K. Clark, M.Inst.C.E. Fourth Editioa . 3/6 

The Boilermaker's Assistant 

In Drawing^ Templating, and Calculating Boiler Work, &c By T. Coukt- 
NBV, Practical Boilermaker. Edited by D. K. Clark, C£. . 270 

The BoUer-Maker's Ready Reokoner, 

With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtney. Edited by D. K. 

Clark, M.I.C.E. Fifth Edition . 4/0 

V The last /nw W^orks in On* Volume^ half-bctmd, entitled ** Thb Boilbr- 

maker's Ready-Reckoner and Assistant. By J. Courtney and 

D. K. Clark. Price 7/0. 

Steam Boilers: 

Their Construction and Management By R. Armstrong, C.E. Illustrated 

1/6 
Bteam and Machinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Bale, M.Inst. M.E 2/6 

Steam and the Steam Bn^ine, 

Stationary and Portable. Being an Extension of the Treatise on the Steam 
Engine of Mr. J. Sewell. By D. K. Clark, CE. Fotuth Edition 3/6 

The Steam Bntfine, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 
Practical Men. By T. Baker, CE 1/6 

The Steam Bn|[ine. 

By Dr. Lardner. Illustrated . • . • . • . •1/6 

Iiooomotive Bngines. 

By G. D. Dbmpsey, C.E. With large Additions treating of the Modem 
Locomotivefby D. K. Clark, M.Inst.C£. . . . . 3/0 

Looomotive Bn^ine-Drivin^. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Eleventh Eldition. 3^. 6d. ; cloth boards . 4/6 

Stationary Bngine-DriYin^. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Reynolds. Seventh Edition, y. 6d, ; cloth boards . 4/6 

The Smithy and For^e. 

Including the Farrier's Art and Coach Smithing. By W. J. E. Crane. 
Fourth Edition 2/6 

Modem Workshop Practice, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Drednng Machines, Bridges, Ship-building, &c By J. G. Winton. 
Fourth Edition, Illustrated ... 3/6 

Mechanical Bngineering. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&& By Francis Campin, CE. Third Edition .... 2/6 

Details of Machinery. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting-Shop, Foundry, and Boiler- Yard. By Francis Campin, C.E. 3/0 
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Elementary Bntfineering : 

A Manual for Young Marine Engineers and Apprentices. In the Form of 

§>uestions and Answers on Metals, Alloys, Strength of Materials, ftc 
y J. S. Brbwbr. Fifth Edition 1/6 

Power in Motion: 

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving 
Bands, Angular Forces, &c. By James Armour, CE. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Armour, CE. ..... 2/6 

Practical Mechanism, 

And Machine Tools. By T. Bakbr, CE. With Remarks on Tools and 
Machinery, by J. Nasmyth, CE 2/6 

Mechanics : 

Beine a concise Exposition of the General Principles of Mechanical Science, 
and Uieir Applications. By Charles Tomlimson, F.R.S. . .1 /6 

Cranes (The Construction of). 

And other Machinery for Rabing Heavy Bodies for the Erection of Build- 
ings, &c. By Joseph Glynn, F.R.S 1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By Jambs Greenwood, B.A. 
With numerous Woodcuts and Q>loured Plates. New and enlarged 
Edition. By W. H. Rossbr 2/6 

Practical Navigation. 

Consisting of The Sailor's Sea-Book, by James Greenwood and W. H. 
Rosser ; together with Mathematical and Nautical Tables for the Working 
of the Problems, bv Henry Law, CE., and Prof. J. R. Young . 7/0 

Nairigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematical Tables, 

For Trigonon^etrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, CE. Together wi^ a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4./0 

Hasting, Mast-Making, and nigging of Ships. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp RopeL 
&c., relative to every class of vessels. By Robert-Kipping, N.A. . 2/0 

Sails and Sail-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping, N.A. 2/6 

Marine Bngines and Steam Vessels. 

By R. Murray, CE. Eighth Edition, thoroughly revised, with Addi- 
tions by the Author and by George Caruslb, CE. . . . 4/0 

Naval Architecture: 

An Exposition of Elementary Principles. By Jambs Peaks . . 3/6 

Ships for Ocean and River Service, 

Principles of the Construction of. By Hakon A. Somm brfbldt . t /6 

Atlas of Bn^avings 

4 To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth 7/6 

The Forms of Ships and Boats. 

Bv W. Bland. Tenth Edition, with nnmerout Illustrations ud 
Models t/0 



6 wbale's scijsntifio and tjechnioal series. 

ARCHITECTURE AND THE 

BUILDING ARTS. 
Construotional Iron and Bte«l Work, 

As applied to Public, PriTate, and Domostic Buildingi. By FiULiias 
Campin, C.E 3/6 

Building BBtates: 

A Treatise on the Development, Sala, Parchase, and Managiement of Bnild- 
ing Land. By F. Maitland. Third Edition 2/0 

Tho Soienco of Building : 

An Elementary Treatise on the Prindplet of Oxutmction. By E. Wnn>- 
BAM Tarn, M.A. Lond. Fourth Edition 3/S 

The Art of Building : 

General Principles of Construction, Strength, and Um of Matarlali, Woridnc 
Drawings, Specifications, &c. By Edward Dobson, M.R.f.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund BacXBTT, Q.C (Lord Grim- 
THORPb). Second Edition 476 

Dvelling-Houses (The Brection of), 

Illustrated by a Perspective View, Plans, and Sections of a Pair of Villas, with 
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6 

Cottage Building. 

By C. Brucr Allkn. Twelfth Editbn. with Chapter on Eoommiic Cot- 
tages for Allotments, by E. E. Allbn, C.E 2/0 

AoousticB in Relation to Architecture and Building: 

The Laws of Sound as applied to the Arrangement of Buildings By Pro- 
fessor T. Rogrr Smith, F.R. LB. A. New Edition, Revised . . 1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ; 
Pointing ; Pavmg, Tiling, &c. By Adam Hammond. Witn 68 Woodcuts 

1/6 
The Art of Practical Brick Gutting and Setting. 

By Adam Hammond. With 90 Engravings 1 /Q 

Brickwork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklaying, Cutting and Setting ; with the Application otGeometry to Roof 
Tiling, &c. ByF. Walkbr 1/6 

Brioke and Tiles, 

Rudimentary Treatise on the Manufacture of; contuning an Outline of the 
Principles of Brickmaking. By E. Dobson, M.R.LB.A. Additions by 
C Tomlinson, F.R.S. Illustrated 3/0 

The Practical Brick and Tile Book. 

Comprising: Brick and Tilb Making, by E. Dobson, M.Inst.CE.; 
Pk«ctical Bricklaying, by A. Hammond ; Brioc-cottimo and Sbttinc, 
by A. Hammond. $30 pp> with ajo Illustrations, half-bound . . 6/0 

Oarpentry and Joinery— 

Thb Element ary Principlbs op Carpentry. Chieflycompoted from the 
Standard Work of Thomas Trbdgold, CB. With Additions, and Tssatisb 
ON Joinery, by E. W. Tarn, M.A. Eighth Edition . 3/6 

Carpentry and Joinery — ^Atlas 

Of 35 Plates to accompany and Illustrate the foregoing book. With 
Descriptive Letterpress. 4to 6/0 
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A Praotioal Treatise on Handrailin^; 

Showing New and Simple Methods. By Geo. Collings. Third Edition, 
including a Trbatisb on Stairbuilding. With Plates . . . 2/6 

Oiipoular IBTork in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Fourth Edition 2/6 

Roof Carpentry: 

Practical Lessons in the Frieiming of Wood Roofs. For the Use of Working 
Carpenters. By Geo. Collings 2/0 

The Construction of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison, Tredgold, and Humber. Br 
E. Wyndh AM Tarn, M. A., Architect. Fourth Edition . . .1/6 



The Joints Made and Used by Bnilders. 

By Wyvill J. Christy, Architect. With i6o Woodcuts . . 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By Gbokgb 
H. Blagrovb. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merohant's, and 
Builder's Standard Guide. 

By R. E. Grandy 2/0 

Plumbing : 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buck an. 
Ninth Edition, with 5x3 Illustrations .... . . 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buchan, R.P., Author of " Plumbing," &c. With 170 Illustrations 3/6 

The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kbmp 2/0 

House Painting, Graining, Marbling, & Sign Writing. 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Eighth Edition. Coloured Plates . . o/O 

*«* The abavct '« cioth boards, strongly bounds Q/Q 

A Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By Gbokgb Fibld. N«w 
Edition, enlarged, by Ellis A. Davidson. With Coloured Plates 3/0 

Blementary Decoration 

As applied to Dwelling Houses, &c. By Jambs W. Facbt. Illustntod 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By Jambs W. Facbt 

2/6 
\* The last two Works in Otu handsome Vol.y half-hound^ entitled " HoutB 
Dbcoration, Elembntary and Practical," /rirr 6/0* 

Portland Cement for Users. 

By Henry Faija, A.M.Inst.C.E. Third Edition, Corrected. . 2/0 

(, Oements, Mortars, Concretes, Mastics, Plas- 
tering, &c. 

By G. R. Burnell, C.E. " Fifteenth Edition 1/6 
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Mamontj and Btone-Oattinjf • 

Tbe Principles of Masonic Projection and their application to Construction. 
By Edwakd Dobson, M.R.LB.A. 2/6 

Arches, Piers, Buttreeees, fto.; 

Expexinaental Essays on the Principles of Constmction. By W. Bland. 

1/6 
Quantities and Measurements, 

In Bricklayers', Masons', Plasterers', Plumbers', Painters', Paperhanger^', 
Gilders', Smiths', Carpenters' and Jomers' Work. By A. C. Bbaton. 1 /6 

The Oomplete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 
HosTON. Sixth Edition 470 

Guide to Superfioial Measurement : 

Tables calculated from i to aoo inches in length, by z to xo8 indies im 
breadth. For the use of Architects, Surveyors, Engineers, Timber Mer« 
chants. Builders, &c By James Hawicings. Fifth Edition . . 3/6 

U^t: 

An Introduction to the Science of Optics. For the Use of Students of Archi- 
tecture, Engineering, and other Applied Sciences. By £. W. Takn, 
M.A 1/6 

Hints to Youn^ Architects. 

By Gborgb Wightwick, Architect. Sixth Edition, revised and tnlaiged 
by G. HusKissoN Guillaumb, Architect 3/6 

Architecture— Orders : 

The Orders and their iEsthetic Principles. By W. H. Lbkds. Illustrated. 

1/6 
Architecture — ^Styles : 

The History and Description of the Styles of Architecture of Vauious 
Countries, from the Earliest Period. By T. Talbot Bitky . . 2/0 

%* Ordbss and Styles op Architbcturb, in Otu VoLt 3/6* 

Architecture— Design : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 
Lacy Garbstt, Architect. Illustrated 2/6 

*«* The three preceding Works in One handsonu VoL, kalf-hound, eniUUd 
"Modern Architecture,"/'^' 6/0* 

Perspective for Beginners. 

Adapted to Young Students and Amateon in Architecture, Painting, ftc. 

ByCBORGB PVNE 2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jbwitt \ /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gbssert and Emanuel Otto Frombbrg. With 
an Appendix on Thb Art of Enamelling ..... 2/6 

TitruTius— The Architecture of. 

In Ten Books. Translated from the Latin by Josbph Gwilt, F.S.A., 
F.R.A.S. With 83 Plates ^ . . . . 6/0 

N.B.—Thu is tk* only Edition ^Vitruvius ^ocurabie at a moderate ^ce. 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl op Abbrobbn. % jQ 

V The two ^ceding Works in One handsome Vol,, half-boundt eniitUd 
" Ancibnt Architbcturb," ^riee 6/0* 
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INDUSTRIAL AND USEFUL ARTS. 
Cements, Pastes, Glues, and Gums. 

A Guide to the Manufacture and Application of Agglutinants. With 900 
Recipes and Formulae. By H. C. Standagb 2/0 

Clocks, Watches, and Bells for Public Purposes. 

A Rudimentary Treatise. By Edmund Beckett, Lord Grimthorpb, 
LL.D., K.C., F.R.A.S. Eighth Edition, with new List of Great Bells and 
an Appendix on Weathercocks. {Just ^mblisktd. 4>/6 

*«* The above ^ handsomely bounds cloth hoards ^ 5/6* 

Blectro-Metallur^, 

Practically Treated. By Alexander Watt. Tenth Edition . 3/6 

The Goldsmith's Handbook. 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refining, Recovory of Waste, Solders, Bnameu, 
&c., &c. By Geo RGB E. Gee. Sixth Edition 3/0 

The Silversmith's Handbook, 

On the same plan as the Goldsmith's Handbook. By G. E. Gbs. 3/0 
♦,* The last two H^orks, in One hanasome Vol., half-botrnd^ 7/0- 

The Hall-Marking of Jewellery. 

Comprising an account of all the diflferent Assay Towns of the United 
Kingdom ; with the Stamps and Laws relating to the Standards and Hall 
Marks at the various Assay Offices. By George E. Gbb . . X3/0 

French Polishing and Enamelling. 

Numerous Recipes for making Polishes, Varnishes, &c By R. Bitmbad. 

1/6 

PracticMbl Organ Building. 

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Coaofa-Building : 

A Practical Treatise. By James W. Burgess. With 57 lUustratioos 2/6 

The Cabinet-Maker's Guide 

To the Entire Construction of Cabinet-Work. By R. Bitmead . 2/6 

The Brass Founder's Manual: 

Instructions for Modelling, Pattern Making, &c By W. Graham . 2/0 

The Sheet-Metal Worker's Guide. 

For Tinsmiths, Coppersmiths, Zincworkers, &c. By W. J. E. Crane. \ /6 

Sevring Machinery: 

Its Construction, History, &c. By J. W. Urquhart, CE. . » 2/0 

Gas Fitting: 

A Practical Handbook. By John Black* New Edition . . 2/6 

Construction of Door liocks. 

From the Papers of A. C. Hobbs. Edited by C. Tomlinson, F.R.S. 2/8 

The Model Locomotive Bngineer, Fireman, and 
Bngine-Boy. 

By Michael Reynolds . . . -. 3/6 

The Art of Letter Painting made Easy. 

By J. G. Bauenoch. With 13 full-page Engravings of Examples . 1 /6 

The Art of Boot and Shoemaking. 

Measurement, Lasl-fitting, Cutting*out, Closing, &c. By J. B. Leno. 2/0 

Mechanical Dentistry: 

By Charles Hunter. Fourth Edition ..... 3/0 

Wood Bn^raving: 

A Practical and Elasy Introduction to the Art. By W. N. Brown . 1 /6 

Laundry Management. 

A Handbook for Use in Private and Public Laundries . . • 2/0 
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AGRICULTURE, GARDENING, ETC. 
Dimlning and Bmbankic^: 

A Practical Treatise. By Prof. John Scott. Widi 68 lUaatxations 1 /6 

Initfation and Water Supply: 

A Practical Treatise oo Water Meadows, Sewage Irrifation, Warping, ftc ; 
on the Construction of Wells, Ponds, Resernurs, &c. By Fxd, John 
Scott. With 34 Illustrations t /6 

Varai Roads, Fenoes, and Gat«B: 

A Practical Treatise on the Roads, TramwayiL and Waterways of the 
Farm ; the Principles of Enclosures ; and the different kinds of Fences, 
Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1 /6 

Farm Baildings: 

A Practical Treatise on the Buildings necessary for Tarious kinds of Farms, 
their Arrangement and Construction, with Plans and Estimates. By PkoL 
John Scott, With 105 Illustrations 2/0 

Bam Implements and Machines : 

Treatmg of the Application of Power and Machines used in the Threshing- 
bam, Stockyard, Dairy, &c. By Prof J. Scott. With T23 Illustrations. 

2/0 
Fiald Implements and Maohines: 

With Principles and Details of Construction and Points of Excellence, their 
Management, ftc. By Prof. John Scott. With 138 Illustrations . 2/0 

Atfrioultnral Supveyin^: 

A Treatise on Land Surve^g, Levelling, and Setting-out ; with Directions 
for Valuing Estates. By Prof. J. Scott. With 6a Illustrations . | /g 

Farm BSntfineering. 

By Professor John Scott. Comprising the above Seven Volumes in One, 
>>>5op^^> i^<^ o^''^<>o I^lu^^^^^^o'^- Half-bound . 12/0 

Outlines of Farm Management. 

Treating of the General Work of the Farm; Stock; Contract Work; 
Labour, ftc. By R. Scott Burn 2/6 

Outlines of I^anded B states Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-ont of 
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scott Bukn . 2/6 

SoilSy Manures, and Grops. 

(VoL I. Outlinbs op Modern Farming.) By R. Scott Burn . 2/0 

Farmintf and Farming Bconomy. 

(Vol II. Outlines op Modern Farming.) By R. Scott Burn 3/0 

■took: Cattle, Sheep, and Horses. 

(VoL III. Outlines op Modern Farming.) By R. Scott Burn 2/6 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines op Modern Farming.) By R. Scott Burn 2/0 

Ut'lisation of Sewage, Irrigation, and Reolamation 
of Waste Land. 

(VoL V. Outlines op Modern Farming.) By R. Scott Burn . 2/6 
Outlines of Modern Farming. 

By R. Scott Burn. Consisting of the above Five Volumes in One, 
s,a5o pp., profusdy Illustrated, half-bound 12/0 



WEALX'S SCIENTIFIC AND TECHNICAL SERIES. 11 
Book-keeping for Farmers and Estate Owners. 

A Practical Treatise, presenting, in Three Plans, a system adapted §or aD 
classes of Farms. By J. M. Woodman. Fourth Edition . 2/6 

Ready Reckoner for the Admeasurement of Uand. 

By A. AsMAN. Rorised and extended by C Norris. Fifth EditioB 2/0 

Miller's, Com Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price Lut of Modem Floor Mill Merhlasti, 
by W. S. HuTTON, CE 2^ 

The Hay and Btra^ Measurer. 

New Tables for the Use of Auctioneers, Valuers, Faumers, Hay aad Stimv 
Dealers, &c. By Jomm Steels 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Bnt^an* MmL 
By John Ewakt 

Sheep: 

The History, Structure, Economy, and Diseases of. By W. C S: 
M.R.V.S. Fifth Edition, with fine Engrmviacs 

Market and Kitchen Gardening. 

By C W. Shaw, late Editor of " Gardening Illustmtod* . 3/B 

Kitchen Gardening Made Rasy. 

Showing the best means of Cultivating every known Vegetable and HerK 
ftc, with directions for management all the year round. By Gboiiob M. F. 
Glbnny. Illustrated I/Q 

Oottage Gardening : 

Or Flowers, Fruits, and Vegetables lor Small Gardens. By E. Hobbat, 

1/6 

Garden Receipts. 

Edited by CHAiLBt W. QuiN t/S 

Fruit Trees, 

The Scientific and Profiuble Culture o£ From the French of M. Du 
Brkuil. Fifth Edition, carefully Revised by Gkorgb Glsmmt. WVk 
i87WoodcttU 9^ 

The Tree Planter and Plant Propagator: 

With numerous Illustrations of Grafting, Layering, Budding, ImplemMl^ 
Houses, Phs, &c. By Sauubl Wood 2/d 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Qimbers, tad 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1/S 

*«* TAf aUvi Tw0 V0U. in Ons, hmndsarngfy hmlf-hound^^riet 3/6- 

The Art of Grafting and Budding. 

By Chablbs Baltst. With lUustntioos S/tt 
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MATHEMATICS, ARITHMETIC, ETC. 
DeaoriptiTe Geometry, 

An Elementary Treatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French of G. Mongb. To which is added a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Hsathbk, 
M.A With 14 Plates 2/0 

Praotioal Plane Geoxnetpy: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Constructbn of the Ground. By J. F. Hbatiibr, M.A. 
With 2x5 Woodcuts 2/0 

JLnalytioal Geometry and Conio Sections, 

A Rudimentary Treatise on. By Jambs Hank. A New Edition, re- 
written and enlarged by Professor J . K. Young .... 2/0 

Buclid (The Elements of). 

With many Additional Propositions and Explanatory Notes; to which is 

prefixed an Introductory Essay on Logic. By Hbnry Law, C.£. . 2/6 

*»* Solii also separately^ vis : — 

Suolld. The First Three Books. By Henry Law, C.E. . . .1/6 

Buolid. Books 4, 5, 6, XI, X3. By Hbnry Law, CE. . . .1/6 

Plane Trigonometry, 

The Elements of. By James Hanh 1/3 

Spherical Trigonometry, 

The Elements of. By James Hank. Revised by Charles H. Dow- 
ling, CE 1/0 

\* Or with " The Elements 0/ Plane Trig^onometry," in One Volume, 2/6 

Differential Calculus, O 

Elements of the. By W. S. B. Woolhousb, F.R.A.S., &c. . .1/6 

Integral Calculus. 

By Homersham Cox, B.A. 1/5 

Algebra, 

The Elements of. By Jambs H addon, M.A. With Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . . 2/0 

A Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems iu Algebra. 
By J. R. Young 1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italiani and 
German. By James Haddon, M.A. . . . . . . .1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Exi>lanations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self-Instruction. By J. R. Young, late Professor of Mathematics 
in Belfast College. Thirteenth Edidon 1/6 

A Key to the Above. 

By J. R. Young 1/6 

Bquational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatly 
facilitated. By W. Hipslby 4 1 /6 

Arithmetic, 

Rudimentanr, for the Use of Schools and Self-Instruction. By Jamk<« 
Haddon, M.A. Revised by Abraham Arman . . .1/6 

A Key to the Above. 

A. Arman | /6 
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Mathentatioal InstFumentB : 

Their Construction, Adjustment, Testing, and Use concisely Explained. 

"Bj J. F. Hbathbk, M.A., of the Royal Military Academy, Woolwich. 

Fifteenth Edition, Revised} with Additioa^, by A. T. Walmislbv, 

M.I.CE. Orijnnal Editiotf, m x vol.. Illustrated .... 2/0 

%* /m ^rderii^ ikt aieve, he eare/ul to say *' OrigiHal Edition,'* or give tfu 

Humher in the Series (32), to eUstinguish it Jrom th€ Enlarged Edition in 

3 vols, {as /allows) — 

Draving and Heasurintf IhstFomentB. 

Including — I. Instruments employed in Geometrical and Mechanical Draw< 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used for the purposes of Accurate Measuronent, 
and for Arithmetical Computations, oy J. F. Hbather, M. A. • 1/6 

Optical InstpainentB. 

Including (more especially) Telescopes, Microscopes, and Apparatus fqr 
producing copies of Maps and Plans by Photography. By J. F. Hbatmbk, 
M.A. Illustrated 1/6 

SuFYeyin^ and Astronomioal Instruments. 

Including — I. Instruments used for Determining the Geometrical Features 
of a pKMrtion of Ground. II. Instruments employed in Astronomical Ob- 
servations. By J. F. Hbather, M.A. Illustrated. . . .1/6 

*»* Tke eibove three volumes form an enlargement of the Author* s original workt 
" Mathematical Instruments f" price 2/0* {Described at top of page*) 

Mathentatioal Instriunents : 

Their Construction, Adjustment, Testing and Use. Cominising Drawing, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 
Hbathbr, M.A. Enlarged Edition, for the most part entirely re«wntten. 
The Three Parts as above, in One thick Volume. .... 4/6 

The Slide Rnle, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charles Hoarb, 
CE. With a Slide Rule, in tuck of cover. Eighth Edition . . 2/6 

Iio^arithms. 

With Mathematical Tables for Trigonometricai, Astronomical, and Nautical 
CalctUations. By Hbnrv Law, CE. Revised Edition . •> 3/0 

Compound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in all their Applications and Uses for Mercantile 
and State Purposes. By Fbdor Thoman, Paris. Fourth Edition . 4/0 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, CE. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition ......... 4/0 

Mathematics, 

As applied to the Coostmctivt Arts. By Francis Cammn, C.E., &c. 
Third Editioo 3/0 

Astronomy. 

By the Tate Rev. Robert Main, F.R.S. Third Edition, reviwd and cor- 
rected to the Present Time. By W. T. Lynk, F.R.A.S. . . . 2/0 

Statics and Dynanilcs, 

The Principles and Practice of. Embracing also a clear development of 
Hydrostatics^ Hydrodynamics, and Central Forces. By T. Bakbr, CB. 
Fourth Edition • • 1/6 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES, 

Jk Diotlonary of Painters, and Handbook for Pioture 
Amateurs. 

Beinjf a Guide for Visitors to Public and Private Picture Galleries, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
Painting, &c. By Philippb Daryl, B.A. ..... 2/6 

Faintintf Popularly Bzplained. 

By T. J. GuLLicK, Painter, and John Timbs, F.S.A. Includine Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Edition 6/0 

A Diotlonary of Terms used in Architecture, Build- 
ing, Engineering, Mining, Metallurgy, Archao- 
ology, the Fine Arts, Ac. 

ByJoHNWEALE. Sixth Edition. Edited by R. Hunt, F.R.S. . 5/0 

Music : 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Charles Child Spbncbr 2/6 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charles Child Spencer 1/6 

The House Manager. 

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine- 
making, Gardening, &c. By An Old Housbkrephr . 3/6 

Manual of Domestic Medicine. 

By R. Gooding. M. D. Intended^ as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. Jambs Baird 1 /O 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . .1/6 

The ESlementary Principles of Electric Ijighting. 

By Alan A. Campbell Swinton, M.Inst.C.E., M.I.E.E. Fifth 
Edition 1/6 

The Electric Telegraph, 

Its History and Progress. By R; Sabinb, C.E., F.S.A., &c. . . 3/0 

Handhook of Field Fortification. 

By Major W. W. Knollys, F.R.G.S. With 163 Woodcuts . . 3/0 

Logic, 

Pure and Applied. By S. H Emmens . . . • • .1/6 

Locke on the Human Understanding, 

Selections from. With Notes by S. H. Emmens . • • .1/6 

The Gompendious Calculator 

{Intuitiv* Calculations). Or Easy and Condse. Methods of Performin;^ the 
various Arithmetical Opjerations required in Commercial and Business 
Transactions ; together with Useful Tables, &c. By Daniel O'Gorman. 
Twenty-eighth Edition, carefully revised by C. Norris . . 2/6 
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'hilology. By HydbClarkb, D.C.L. Fifth Edition. . • 1/6 
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Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLMOUSK, F.R. AS., F.S.S. Seventh Edition . 2/6 

Grammar of the Bntflish Tontfue, 

I 

Dictionary of the Bnglish Ijanguage. 

As Spoken and Written. Containing above zoo,ooo Words. By Hvdb 
Clarkb, D.CL. 3/6 

Composition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Oramnuur. 
By Justin Brbnan. Nineteenth Edition. 1/6 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. ^ 
G. L. Strauss, Ph.D 1/6 

Bn^lish-French Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, ftc 
By Alfred Elwbs . 2/0 

French Dictionary. 

In two Parts — I. French-FjigHsh. II. English- French, complete ia 
One Vol 3/0 

French and Bnglish Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Familiar Dialogues . •I/O 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss 1/6 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French- English. Part IL 
EogUsh-German- French. Part III. French-German-English . 3/0 

German Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume 6/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alfrbd Elwks. 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefullv 
noted down. By Alfred Elwbs. VoL I. Italian-English-French. 2/6 

Italian Triglot Dictionary. 

By Alfukd Elwxs. Vol. II. English-Freach-Italiaa . 2/6 

Italian Triglot Dictionary. 

By Alfkbd Elwbs. Vol. IIL French-Italian-EngUsh . . 2/6 

Italian Triglot Dictionary. 

(As above). In One VoL 7/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfbbd Elwbs 1 /6 

Bpanish-Bnglieh and Englieh-Spanieh Dictionwy. 

Including a large number of Technical Terms used in Mining, Engineering^ 
ftc., with the proper Accents and the Geivier of every Noon. By Alfkbo 

Elwbs 4/0 

V Or^^h ik4 GliAMMAR, 6/0- * ' 
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In a Simple and Pnu:tical Form. With Exerdses. By Alprbd Elwbs. 1 /6 

Povtiitfaese-ISntliBh aAd Bn^ish- Portugese Dio- 
tionarv. 

Inclnding a large number of Technical Terms used in Mining, Engineering, 
&C., with the proper Accents and the Gender of every Noun. By Alprbd 

Elwes. Fourth Edition, revised 6/0 

V Or with th€ Grammak, 7/0* 

Jbiimal Physics, 

Handbook of. ByDiONTtius Lardnbr, D.CL. With 590 Illustrations. 

In One VoL (73a pagesX cloth boards 7/6 

*«* Sold also m Two Parit, as follows: — 
Amimax. Physics. By Dr. Lardmbr. Part I., Chapters I.— VII. 4>/0 
Ahimax. Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XVIII. 

3/0 
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MATHEMATICS, ARITHMETIC, Ac- 
Geometry, Descriptive. J. F. Hbathek . . • 2/- 
Practicai Plane Geometry. J. F. Heathxr. . . 2Jf~ 
Analytical Geometry. J. Hank & J. R. Youno. 2/- 
Geometry. Part I. (Euclid, Bks. I.— III.) H. Law 1/6 
Part II. (EucUd, Books IV., V., VI., XI., 

XII.). H. Law 1/6 

Geometry, in i toL (Euclid's Elements) • . . . 2/6 
Plane Trigonometry. J. Hann . . .1/6 

Spiierical Trigonometry. J. TSLass . . . i/- 

The above 2 vols., bound together .... 2/6 

Differential Calculus. W. S. B. Woolhoitse . . ijf6 

Integral Calculus. H. Cox i/- 

Algebra. J. Haddon 2jf- 

Key to ditto 1/6 

Book-keeping. J. Haddon 1/6 

Arithmetic. J. B. Young 1/6 

Key to ditto 1/6 

Equational Arithmetic. W. Hipslet . . . 1/6 

Arithmetic. J. Haddon 1/6 

Key to ditto 1/6 

Mathematical Instruments. Hsathbb & Walmislsy 2/- 

Drawing & Measuring Instruments. J. F. Heather 1/6 
Optical Instruments. J. F. Heather .1/6 
Surveying & Astronomical Instruments. J. F. 

Heather 1/6 

The above 3 vols., bound together .... 4/6 

Mensuration and Measuring. T. Baker . . , 1/6 

Slide Rule, & How to Use it. C. Hoare . 2/6 

Measures, Weights, & Moneys. W. S. B. Woolhousb 2/6 

Logarithms, Treatise on, with Tables. H. Law . 3/- 

Compound Interest and Annuities. F. Thoman . 4/- 

Compendious Calculator. D. O'Gokman . . 2/6 

Mathematics. F. Gampin 3/- 

Astronomy. R. Main & W. T. Lynn . , , • 2/- 

Statics and Dynamics. T. Baker . . . . 1/6 

Superficial Measurement. J. Hawkings . . 3/6 
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Building Estates. F. Maitland 
Science of Building. E. W. Tabn 
Building, Art of. S. Dobbon and J. P. Allkn . 
Book on Building. Sir £. Bbokbtt 
Dwelling Houses, Erection of. S. H. Bbooks 



2/- 

3/6 
2/- 
4/6 

2/6 



Oottage Building. G. B. Allbn . . . . 2/- 

Acoustics of Public Buildings. Prof. T. R. Smitu . 1/6 

Practical Bricklaying. A. Hammond . . . . 1/6 

Practical Brick Cutting & Setting. A. Hammond . 1/6 

Brickwork. F. Walker 1/6 

Brick and Tile Making. £. Dobson. • 3/- 

Practical Brick & Tile Book. Dobson k Hammond 6/- 

Oarpentry and Joinery. T. Tbbdoold k £. W. Tabn 3/6 

Atlas of 35 plates to the aboye 6/- 

Handrailing, and Staircasing. O. Gollinos . 2/6 

Circular Work in Carpentry. G. Oollinos . . 2/6 

Roof Carpentry. 6. Collings 2/- 

Construction of Roofs. £. W. Tarn . . . 1/6 

Joints used by Builders. J. W. Christy . 3jf- 

Shoring. G. H. Blaoroyb 1/6 

Timber Importer's & Builder's Guide. B. E. Grandt 2jf- 

Plumbing. W. P. Buohan 3/6 

Ventilation of Buildings. W. P. Buchan . 3/6 

Practical Plasterer. W. Esmp 2/- 

House-Painting. £. A. Davidson . . • 5/- 

Elementary Decoration. J. W. Faoxt . . . . 2/- 

Practical House Decoration. J. W. Facet . . 2/6 

Gas-Fitting. J. Black . . . . , . 2/6 
Portland Cement for Users. H.Faija&D.B. Butler 3/- 

Limes, Cements, & Mortars. G. R. Bijrnell . . 1/6 

Masonry and Stone Cutting. £. Dobson . • 2/6 

Arches, Piers, and Buttresses. W. Bland . • 1/6 

Quantities and Measurements. A. G. Beaton . 1/6 

Complete Measurer. R. Hortok . . • • 4/- 

Superficial Measurement. J. Hawkinqs . . 3/6 

Light, for use of Architects. E. W. Tarn . . 1/6 

Hints to Young Architects. Wiohtwiok & Gttillaume 3/6 

Dictionary of Architectural Terms. J. Wealb . sjf- 
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Coach Building. J. W. Buboisss 
Brass Founder's IManual. "W. Obaham 
French Polishing and Enannelling. B. Bituad 
House Decoration. J. W. Faokt .... 
Letter>Painting Made Easy- J- Q- Badknoos . 
Boot and 8hoemakin», J. B. Lkho . . . 
Mechanical Dentistry, ' n BmiiKK 
Wood Engraving. 'V^ «t 3bo'w« . 
Laundry Managem«(v^ 
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